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OPERATIONS  ON  BLOOD  VESSELS 

Suture  of  Arteries — Arteriorrhaphy.  Radical  Operation  for 
Aneurysm  (Matas'  Operation)  —  Endo  -  aneurysmorrhapliy  : 
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SUTURE  OF  AETEEIES— ARTERIOEEHAPHY 

Although  numerous  attempts  have  from  time  to  time 
been  made  to  close  wounds  in  the  walls  of  large  arterial 
trunks  by  suture,  it  is  only  within  recent  years  that  the 
procedure  has  been  placed  on  a  satisfactory  footing, 
chiefly  through  the  work  of  American,  German,  and 
Italian  surgeons. 

For  a  slit  in  the  wall  of  the  artery,  lateral  arterior- 
rhaphy is  performed ;  for  complete  division,  end-to-end 
suture  or  circular  arteriorrhaphy.  These  operations  are 
indicated  only  in  large  trunks,  such  as  the  common  and 
internal  carotid,  the  femoral,  the  pophteal,  the  sub- 
clavian, and  the  axillary,  in  which  ligation  of  the  vessel 
endangers  the  vitality  of  the  area  supplied  by  it,  from 
insufficiency  of  the  collateral  anastomosis.    They  are 
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coubra-iudicatecl  if  the  vessel  wall  is  contused  and  lacer- 
ated, if  more  than  three-quarters  of  an  inch  of  the  artery 
is  destroyed,  or  if  infection  is  present. 

The  artery  is  exposed  for  an  inch  or  more  above  and 
below  the  part  to  be  sutured,  and  the  circulation  may  be 
controlled  by  a  tourniquet,  or  by  suitable  clamps,  such  as 
Crile's  or  Dorrance's,  or  by  a  piece  of  sterilised  tape  applied 
sufficiently  tightly  to  arrest  the  blood  stream  without  in- 
juring the  coat  of  the  vessel.    The  smallest  round  needles, 
carrying  the  finest  intestinal  silk,  are  used.    To  diminish 
the  risk  of  thrombosis,  Carrel  recommends  that  the  edges  to 
be  sutured  and  the  silk  be  coated  with  sterilised  vaseline. 
To  this  end  also  it  is  important  that  the  edges  of  the 
intima  should  be  accurately  opposed,  so  that  the  surface 
towards  the  lumen  is  as  smooth  as  possible,  with  no  cut 
margin  or  line  of  sutures  exposed  to  the  blood  stream.  _ 
Lateral  Arteriorrhaphy.— The  object  aimed  at  in  this 
procedure  is  to  close  the  opening  in  the  vessel  wall  m 


Fig  1. -Dorrance's  Suture  for  Lateral  Arteriorrhapliy-a  continuous 
mattress  suture  with  "  throw-back  "  in  every  third  loop.  (After 
F.  F.  Burghard.) 

such  a  way  as  to  arrest  hemorrhage,  to  avoid  the 
formation  of  a  thrombus  in  the  lumen,  and  to  prevent 
the  subsequent  formation  of  an  aneurysmal  dilatation  at 
the  seat  of  the  cicatrix.  A  continuous  mattress  suture 
is  introduced  through  nil  the  coats  of  the  vessel  in  such 
a  way  as  to  bring  the  edges  of  the  intima  into  accurate 
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apposition  without  inverting  them  (Fig.  1).  This  line 
of  sutures  should  be  reinforced  by  a  continuous  stitch 
passing  through  the  outer  and  middle  coats  only  (Fig.  2), 
and  over  this  the  sheath  of  the  vessel  or  the  deep  fascia 


Fiu.  2.— Dorrance's  Suture  for  Lateral  Arteriorrliaphy— continuous  suture 
approximating  superficial  edges  of  wound.    (After  F.  F.  Burghard.) 


may  be  stitched.  The  overlying  soft  parts  are  individu- 
ally brought  together  with  buried  sutures  and  the  wound 
closed  without  drainage. 

Circular  Arteriorrhaphy.  —  Various  methods  of 
performing  end-to-end  suture  have  been  recommended. 
J.  B.  Murphy's  plan  of  invaginating  the  proximal  into 
the  distal  end  is  open  to  the  theoretical  objections  that 
it  stretches  the  artery  and  narrows  the  lumen.  It  has, 
however,  yielded  many  satisfactory  results.  Dorrance 
secures  a  broad  marginal  confrontation  of  the  intima  by 
means  of  mattress  sutures  passed  through  all  the  coats  of 
the  vessel,  in  the  same  way  as  for  lateral  arteriorrhaphy, 
and  supplemented  by  a  continuous  suture  through  tlie 
middle  and  outer  coats  only  (Fig.  3).  Carrel's  method  is 
perhaps  the  simplest  and  most  efficient.  The  ends  having 
been  brought  into  apposition,  three  traction  sutures  are 
introduced  through  the  adjacent  margins  at  equidistant 
points  of  the  circumference.  By  pulling  upon  two  of 
these  the  part  of  the  vessel  between  them  is  made  into 
a  straight  line,  and  a  continuous  suture  is  passed  tlirough 
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all  the  coats  so  as  to  approximate  the  intima  accurately 
without  inversion. 


Fig.  3.— Dorrance's  Suture  for  End-to-end  Union  of  an 
Artery.    (After  F.  F.  Burgbard.) 

EADICAL  OPERATIONS  FOR  ANEURYSM 
Endo-aneurysmorrhaphy  {Mata£  Operation).— l^he 
method  of  treating  aneurysm  directly  by  inti<i-saccular 
suture,  first  practised  by  Rudolph  Matas  m  1888  and 
since  improved  and  elaborated  by  him,  has  to  a  large 
extent  superseded  the  various  procedures  hitherto 
employed  for  the  obUteration  or  complete  removal 
of  the  sac. 

Matas'  operation  is  based  on  the  fact  that  an 
aneurysmal  sac  is  lined  with  an  endothelial  membra^^^^ 
identical  with  the  intima  of  the  V^^-^^yf  '^^^'^"^ 
if  the  internal  surfaces  of  the  sac  are  brought  mto  close 


MATAS'  OPERATION 


5 


apposition  by  suture  they  will  adhere  by  plastic  lymph, 
and  ultimately  unite  in  the  same  way  as  two  peritoneal 
surfaces.  The  method  is  available,  therefore,  only  when 
there  is  a  well-formed  sac,  as  in  the  typical  saccular  and 
fusiform  varieties  of  aneurysm.  Cases  of  recent  trau- 
matic aneurysm,  in  which  a  true  sac  has  not  had  time 
to  develop,  are  not  suitable. 

The  opening  between  the  parent  vessel  and  the  sac, 
as  well  as  those  of  any  collateral  branches  communicating 
with  the  sac,  must  be  securely  closed  by  suture  to  ensure 
haemostasis,  and  to  prevent  the  access  of  blood  to  the  sac. 
The  sac  is  then  obliterated  by  approximating  its  walls  with 
buried  sutures  in  such  a  way  as  to  promote  their  adhesion. 

Technique. — For  the  satisfactory  performance  of  Matas' 
operation,  complete  arrest  of  the  circulation  through  the 
aneurysm  is  essential.  In  peripheral  aneurysms  this 
may  be  ensured  by  the  use  of  an  Esmarch's  tourniquet ; 
in  those  near  the  trunk  or  at  the  root  of  the  neck,  by 
suitable  clamps  or  temporary  ligatures  applied  above 
and  below  the  aneurysm.  To  give  free  access  to  the 
interior  and  to  avoid  lowering  its  vitality,  the  sac  is  laid 
freely  open,  without  being  separated  from  its  surround- 
ings. Eound  needles,  carrying  chromic  gut  or  fine 
intestinal  silk  lubricated  with  sterile  vaseline,  are  em- 
ployed in  the  suturing. 

Three  plans  of  performing  endo-aneurysmorrhaphy 
have  been  devised  by  Matas:  (1)  The  oUiterative,  in 
which  the  parent  vessel  is  occluded  where  it  enters  and 
leaves  a  fusiform  sac;  (2)  the  restorative,  in  which 
the  communication  between  the  parent  vessel  and  a 
saccular  aneurysm  is  closed,  leaving  the  lumen  of 
the  artery  intact;  and  (3)  the  reconstructive,  in  which 
a  new  channel  connecting  the  two  ends  of  the  parent 
vessel  is  formed  from  the  wall  of  the  sac.  This  last 
plan  is  only  applicable  to  cases  of  fusiform  aneurysm  in 
which  the  walls  of  the  sac  are  firm,  elastic,  and  resistant. 
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Obliterative  Endo-aneurysmorrhaphy— This  plan  is 
to  be  selected  in  cases  of  fusiform  aneurysm,  in  which 
the  walls,  being  thinned  out  or  the  seat  of  atheromatous 
degeneration,  are  unsuitable  for  making  a  new  channel 
between  the  ends  of  the  parent  trunk.  The  sac  having 
been  freely  incised,  all  openings  mto  it  are  closed  with 
sutures  carried  through  all  the  coats  of  the  vessel  (Fig.  4). 


Fig  4  —Obliterative  Endo-aneurysmorrhapliy,  showing  Closure  of  Com- 
munication between  the  Sac  and  the  Artery,  and  of  a  Branch 
leaving  the  Sac.    (After  Matas.) 

The  redundant  sac  is  then  obHterated  by  buried  sutures 
(Fig.  5),  and  the  wound  closed,  with  or  without  drainage, 
according  to  circumstances. 

If  the  walls  of  a  fusiform  aneurysm  are  strong  and 
resistant,  and  the  openings  of  the  parent  vessel  are 
opposite  one  another  and  not  far  apart,  the  reconstruc- 
tive operation  may  be  performed  (Fig.  6). 

A  piece  of  rubber  catheter,  lubricated  with  sterile 
vaseline,  is  passed  into  the  parent  vessel  above  and  below 
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'It 

.■Ji 


Fig.  5. — Endo-aneurysmorrhaphy — communi- 
cation with  Parent  Vessel  closed  with 
continuous  Suture ;  and  Sutures  in- 
troduced to  obliterate  the  wall  of  the 
Sac.    (After  Matas.) 


(«)  (6) 


).— Reconstructive  Endo-anenrysmoiThapliy.    («)  Sutures  inserted  over  Rubber  Tube  ; 
{b)  Tube  being  withdrawn  as  Sutures  are  tightened.    ( After  Matas.) 
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catheter  is  withdrawn. 


the  sac,  and  over  this  as  a  scaffolding  the  walls  of  the 
sac  are  folded — very  much  as  the  stomach  wall  is  folded 
over  the  tube  in  performing  gastrostomy  by  WitzeFs 
method  —  and  united  by  a  continuous  suture  passed 
through  all  the  coats.    Before  tying  the  suture  the 

The  first  row  of  sutures  is  re- 
inforced by  a  second,  and 
any  redundant  sac  left  is 
obliterated  by  buried  sutures 
(Fig.  5). 

The  restorative  operation 
is  adapted  to  the  saccular 
aneurysm.  After  washmg 
away  all  detachable  clots 
from  the  inside  of  the  sac, 
the  communication  with  the 
parent  vessel  is  exposed, 
and  closed  with  a  con- 
tinuous suture  (Fig.  7). 
The  remainder  of  the  sac  is 
then  obliterated  by  buried 
/  w^^i^^^^  sutures,  and  the  external 
y       ^^^^^^^^  wound  closed. 

'^^  Extirpation  of  the  Sac 

(the  "  Old  "  Operation). — 
The  method  of  treating  cir- 
cumscribed saccular  aneur- 
ysms of  the  limbs  practised 
by  Anlyllus  (a.d.  300),  and 
revived  by  Syme  in  1837, 
has  been  largely  superseded  by  the  procedures  of  Matas. 
When  possible,  the  circulation  is  controlled  by  means  of 
a  Petit's  screw  tourniquet,  and  the  parent  trunk  is  then 
exposed  by  dissection  above  and  below  the  sac,  and 
secured  by  a  ligature.  The  sac  is  now  freely  opened,  the 
clots  turned  out,  and  any  collateral  branches  leaving  the 


Pm.  7.— Restorative  Endo-aneiirys- 
niorrhapliy.  Orifice  between 
Artery  and  Sac  closed  by  con- 
tinuous Suture.    (After  Matas.) 
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aneurysm  are  secured  outside  the  sac,  a  probe  being  passed 
as  a  guide  into  the  lumen  of  each  and  withdrawn  as  the 
ligature  is  tightened  (Annandale).  The  sac  may  then 
be  dissected  away,  and  if  the  vein  is  adherent  to  it, 
the  adherent  portion  may  be  removed  without  materi- 
ally adding  to  the  risk  of  gangrene.  If  extirpation  is 
impracticable,  the  sac  is  packed  with  gauze  and  allowed 
to  granulate. 

Syme  extended  the  use  of  this  method  to  aneurysms 
of  the  subclavian,  carotid,  and  external  iliac  arteries, 
controlling  the  haemorrhage  by  plugging  the  feeding 
artery  with  his  finger  after  opening  the  sac.  After  the 
clots  had  been  cleared  out,  the  other  branches  were 
secured  by  ligature.  The  htemorrhage  from  the  distal 
end  of  the  parent  trunk  and  from  the  collaterals  renders 
this  one  of  the  most  formidable  operations  of  surgery, 
and,  after  Syme,  with  the  exception  of  Annandale,  few 
surgeons  have  practised  it  extensively. 

Intea-sacculak  Ligation. — This  method,  which  was 
elaborated  by  Syme  (1861)  and  Annandale  (1885),  is 
especially  adapted  to  recent  traumatic  aneurysms  in 
which  a  complete  adventitious  sac  has  not  developed. 
The  circulation  having  been  controlled  by  a  Petit's 
tourniquet,  the  aneurysm  is  opened  up,  the  clots  removed, 
and  a  bougie  passed  into  each  end  of  the  parent  trunk. 
A  small  incision  is  then  made  through  the  floor  of 
the  sac  on  each  side  of  the  proximal  orifice  to  admit 
of  a  ligature  being  passed  round  the  vessel,  and  as 
this  is  tightened  up  the  bougie  is  withdrawn.  This 
manoeuvre  is  repeated  at  the  distal  end,  and  at  any 
collateral  branch  that  may  require  it.  This  method 
was  adopted  with  remarkable  success  by  Kikuzi  and 
other  Japanese  surgeons  during  the  Russo-Japanese  war. 
To  admit  of  an  efficient  collateral  circulation  being 
established  before  the  main  vessel  is  ligated,  the  opera- 
tion should  not  be  performed  till  about  six  weeks 
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after  the  accident,  if  other  circumstances  permit  of  the 
delay. 

Operation  for  Aneurysmal  Varix. — The  circulation  is 
controlled  by  a  Petit's  tourniquet,  the  varix  exposed  by 
dissection,  and  the  communication  between  the  artery 
and  the  vein  cut  across.  The  opening  in  the  vein  is 
then  closed  by  a  fine  continuous  catgut  or  silk  siiture 


Fig.  8.— Diagram  of  Aneurysmal  Fig.  9.— Diagram  of  Varicose 

Varix.  Aneurysm. 


carried  through  all  the  coats ;  and  that  in  the  artery  by 
lateral  arteriorrhaphy. 

Operation  for  Varicose  Aneurysm.— If  it  is  possible, 
Matas'  reconstructive  procedure  should  be  adopted,  as 
it  not  only  ofters  the  prospect  of  conserving  the  patency 
of  the  artery  and  vein,  but  ensures  that  any  collateral 
branch  leaving  the  aneurysm  shall  be  dealt  with. 

IE  this  operation  does  not  effectively  control  the 
circulation  through  the  aneurysm,  the  artery  must  be 


REVERSAL  OF  PERIPHERAL  CIRCULATION   1 1 


ligated  above  and  below  the  point  of  communication,  the 
sac  incised  and  emptied  of  clots,  and  any  collateral 
branches  secured  by  ligature.  If  it  can  be  avoided,  the 
vein  should  not  be  ligated. 

Reversal  of  the  Pekiphekal  Circulation. — End-to- 
end  Anastomosis  of  an  Artery  and  Vein. — The  experimental 
work  of  Carrel,  Morel,  and  Guthrie  has  shown  that  it 
is  possible  to  reverse  the  peripheral  circulation  in  a 
limb  by  dividing  the  main  artery  and  its  accompanying 
vein,  and  uniting  the  proximal  end  of  the  artery  to  the 
distal  end  of  the  vein,  and  vice  versa — the  proximal 
end  of  the  vein  to  the  distal  end  of  the  artery.  The 
arterial  blood  is  in  this  way  directed  into  the  vein,  and 
is  carried  by  the  tributaries  to  the  capillaries,  from 
which  the  venous  blood  is  collected  by  the  smaller 
branches  of  the  arteries  and  carried  to  the  main  trunk 
as  far  as  the  seat  of  anastomosis,  where  it  regains  the 
venous  current. 

This  procedure  has  been  employed  with  a  view  to 
improving  the  blood  supply  in  cases  of  threatened  or 
commencing  gangrene  of  the  extremities  associated  with 
arterial  sclerosis.  The  results  hitherto  obtained,  however, 
have  only  been  partly  successful.  If  the  veins  are 
thrombosed  the  operation  is  useless. 

The  technique  is  the  same  as  in  circular  arteriorrhaphy. 
This  operation  is  much  easier  and  apparently  equally 
efficient  if  the  distal  end  of  the  artery  and  the  proximal 
end  of  the  vein  are  ligated,  and  the  proximal  end  of  the 
artery  is  joined  to  the  distal  segment  of  the  vein. 

The  operation  has  been  most  frequently  performed  as 
a  prophylactic  measure  in  cases  in  which,  as  a  result  of 
arterial  sclerosis,  there  is  threatening  gangrene  in  the 
lower  extremity. 

An  oblique  incision  is  made  from  above  downwards 
and  inwards,  with  its  centre  at  the  apex  of  the  femoral, 
or  .S(;ar])a'H  triangle.    The  superficial  femoral  artery  and 
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vein  are  exposed  for  a  distance  of  at  least  two  inches. 
The  artery  is  clamped  at  the  highest  point  exposed, 
and  the  vein  at  the  lowest  point  exposed.  We  have 
found  a  light  intestinal  clamp  preferable  to  that  de- 
vised by  Crile,  as  the  handle  is  of  great  assistance  in 
exposing  the  different  parts  of  the  circumference  of  the 
vessels.  The  artery  is  cut  across  at  the  most  distal  part 
exposed,  the  sheath  of  the  vessel  stripped  for  about  half 
an  inch  from  the  cut  edge,  any  clot  in  its  interior 
removed,  and  the  intima  smeared  with  vaseline.    One  or 


(a)  (6) 

Fig.  10.— Diagram  to  illusti-ate  Method  of  uniting  Artery  to  Vein,  in 
reversal  of  Peripheral  Circulation.    (After  F.  F.  Burghard.) 


two  mattress  sutures,  which  do  not  penetrate  the  lining 
membrane  of  the  artery,  are  then  inserted,  the  two  ends 
of  each  suture  are  carried  into  the  lumen  of  the  vein,  and 
brought  out  through  all  its  coats  half  an  inch  beyond  the 
cut  edge  (Fig.  1 0).  When  these  sutures  are  pulled  upon, 
the  artery  is  invaginated  into  the  interior  of  the  vein. 
They  are  knotted  and  tied,  and  the  junction  is  com- 
pleted by  a  continuous  suture  at  the  extreme  point 
of  overlapping.  The  clamps  are  then  removed,  and  if 
there  is  any  leakage  an  additional  suture  is  inserted. 
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LIGATION  OF  ARTERIES  IN  THEIR 
CONTINUITY 

Arteries  may  be  ligated  in  their  continuity  in  the 
treatment  of  aneurysm  and  of  pulsating  tumours,  for 
example  in  the  orbit,  or  as  a  preliminary  to  certain 
operations,  such  as  excision  of  the  tongue,  or  amputation 
at  the  hip-joint,  with  a  view  to  preventing  haemorrhage. 
Sometimes  the  operation  is  performed  to  control  the 
growth  of  malignant  tumours  or  to  arrest  haemorrhage 
from  these.  In  the  treatment  of  secondary  haemorrhage 
it  is  not  often  called  for  at  the  present  day.  Since 
operations  have  come  to  be  performed  under  aseptic 
conditions,  ligation  of  large  arteries  is  comparatively 
seldom  followed  by  secondary  haemorrhage  or  gangrene. 
Even  when  both  the  main  artery  and  vein  are  tied, 
gangrene  does  not  necessarily  supervene  so  long  as 
infection  is  excluded.  The  more  direct  means  of  treating 
aneurysm  now  in  vogue  has  diminished  the  frequency 
with  which  ligation  is  performed. 

Incision  and  Exposure  o£  the  Artery. — As  a  general 
rule  the  incision  is  made  in  the  line  of  the  artery,  but 
in  some  cases,  for  example,  in  ligation  of  the  femoral  at 
the  base  of  the  femoral  (Scarpa's)  triangle,  better  access 
is  obtained  by  making  the  incision  across  the  course  of 
the  vessel,  as  is  recommended  by  Kocher.  In  certain 
deeply  placed  arteries,  for  example  the  posterior  tibial, 
the  incision  is  made  so  as  to  reach  the  vessel  by  a 
route  which  affords  direct  access  and  involves  the 
minimum  disturbance  of  anatomical  structures.  The 
length  of  the  incision  varies  with  the  size  of  the  artery, 
the  complication  of  its  anatomical  relations,  and  its  depth 
from  the  surface.  In  fat  or  very  muscu.lar  subjects  the 
length  of  incision  must  be  materially  increased. 

The  knife  should  be  held  like  a  dinner  knife,  and  the 
skin  cut  at  right  angles  to  the  surface,  so  that  it  is  not 
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bevelled  or  under-cut.  The  primary  incision  is  carried 
right  down  to  the  deep  fascia,  and  each  layer  should  be 
divided  to  the  same  extent  as  the  skin,  and  no  more. 

The  deeper  dissection  should  be  carried  out  through 
the  intermuscular  septa,  which  are  usually  indicated  by 
a  thin  layer  of  fat  through  which  small  blood  vessels 
emerge.  In  the  cadaver,  as  the  intermuscular  septa 
are  more  diflficult  to  identify,  the  dissection  is  apt  to 
be  carried  through  the  substance  of  the  muscle.  The 
individual  muscles  are  separated  from  one  another  by 
blunt  dissection  and  held  aside  by  retractors,  care  being 
taken  that  the  two  sides  of  the  wound  are  equally 
retracted,  otherwise  it  is  easy  to  leave  the  track  of 
the  artery.  In  the  living  subject  the  artery  is  identi- 
fied by  its  pulsation  and  by  the  firm,  elastic  feel  of  its 
wall.  The  vein  as  a  rule  is  much  larger  than  the  com- 
panion artery,  and  often  overlaps  it.  It  is  recognised 
by  its  blue  colour,  its  thin  wall,  and  the  ease  with  which 
it  can  be  compressed.  In  the  cadaver,  if  the  artery 
is  not  injected,  it  is  recognised  by  its  greyish-white 
colour  and  collapsed  anterior  wall,  which  forms  a  deep 
groove.  The  vein,  being  empty  and  collapsed,  is  less 
evident  than  the  artery. 

The  artery  having  been  exposed,  a  portion  is  cleaved 
sufficiently  to  allow  of  the  aneurysm  needle  being 
passed  round  it  without  force,  and  without  risk 
of  perforating  the  companion  vein  or  of  including 
neighbouring  structures,  such  as  the  vein  or  an  adjacent 
nerve  or  tendon.  In  those  arteries  that  are  accompanied 
by  venfB  comites  it  is  often  best  to  include  the  veins 
with  the  artery  rather  than  to  carry  out  a  dissection 
to  separate  them,  as  this  often  leads  to  troublesome 
bleeding  from  the  cross  branches  which  are  inevitably 
divided. 

In  larger  trunks,  such  as  those  above  the  popliteal 
and  the  brachial,  where  the  artery  has  a  separate  sheath 
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and  is  accompanied  by  a  single  vein,  the  sheath  should 
be  deliberately  opened  with  the  knife  and  the  artery 
cleared  for  a  distance  of  about  a  quarter  of  an  inch. 

The  needle  is  preferably  passed  unthreaded,  and  from 
the  side  of  the  artery  on  which  the  more  important 
structures  lie.  Where  there  is  a  single  large  vein 
accompanying  the  artery  the  needle  is  passed  from  the 
side  on  which  the  vein  lies.  Where  there  are  venae 
comites  the  presence  of  a  nerve  trunk  on  one  or  other 
side  will  determine  the  direction  in  which  the  needle  is 
to  be  passed. 

The  Ligature. — The  most  suitable  ligature  materials 
are  chromicised  catgut,  kangaroo  tendon,  and  fine  Chinese 
twist  silk. 

In  large  vessels,  as  for  example  the  femoral,  axillary, 
or  common  carotid,  in  which  the  vessel  wall  in  the 
region  of  the  ligature  will  have  to  bear  the  strain 
of  a  high  arterial  pressure,  it  is  better  merely  to  ob- 
literate the  lumen  without  rupturing  any  of  the  coats 
(Ballance  aud  Edmunds).  In  smaller  vessels  no  harm 
results  from  rupturing  the  inner  and  middle  coats.  For 
the  purpose  of  obliterating  the  lumen  of  the  vessel, 
without  rupturing  its  walls,  the  stay  knot  is  employed. 
This  consists  of  two  ligatures  applied  side  by  side,  each 
having  the  first  turn  of  a  reef  knot  tied  separately. 
The  two  ends  on  each  side  are  then  used  as  a  single  cord 
with  which  to  make  a  second  turn  of  the  reef  knot. 

The  chief  dangers  at  this  stage  of  the  operation  are 
the  inclusion  of  other  structures  within  the  ligature  and 
wounding  of  the  vein.  To  avoid  these,  the  needle 
should  be  passed  in  a  direction  away  from  the  vein,  and 
its  point  should  be  kept  in  close  contact  with  the  artery. 
If  the  vein  is  punctured,  bleeding  may  be  arrested  by  a 
lateral  ligature  or  by  a  close  continuous  suture  of  fine 
silk  or  catgut,  introduced  with  a  round  intestinal  needle. 

In  the  after-treatment  precautions  must  be  taken  to 
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diminish  the  risk  of  gangrene  of  the  limb.  The  whole 
limb  is  purified,  wrapt  in  absorbent  cotton-wool  and 
lightly  bandaged,  and  elevated  sufficiently  to  promote  the 
venous  return  without  at  the  same  time  impeding  the 
arterial  flow.  The  limb  should  be  kept  at  absolute  rest 
for  at  least  three  weeks. 


CHAPTER  II 


LIGATION  OF  ARTERIES  OF  NECK 

Innominate  (Anonyma).  Subclavian.  Internal  Mammary 
Branch  of  Subclavian.  Common  Carotid — At  Seat  of 
Election,  below  Omo-hyoid.  External  Carotid.  Internal 
Carotid.  Facial— At  origin,  on  Face.  Lingual— At  origin, 
beneath  Hyoglossus.  Vertebral. 

Ligation  of  the  Innominate  Artery  (Arteria  Anonyma). 
— The  innominate  artery  arises  from  the  convexity  of 
the  arch  of  the  aorta  behind  the  middle  of  the  lower 
part  of  the  manubrium  sterni,  and  terminates  opposite 
the  right  sterno-clavicular  joint  between  the  two  heads  of 
the  sterno-mastoid  by  dividing  into  the  right  subclavian 
and  right  common  carotid.  The  course  of  the  artery  is 
indicated  by  a  line  drawn  from  a  point  slightly  to  the 
right  of  the  middle  of  the  lower  part  of  the  manubrium 
to  the  right  sterno-clavicular  joint.  The  vessel  can  be 
felt  pulsating  in  the  episternal  notch.  It  gives  off  no 
branches  except  an  inconstant  thyroidea  ima,  which  passes 
up  in  front  of  the  trachea  and  gives  branches  to  the 
lateral  lobes  and  isthmus  of  the  thyroid  gland  and  to  the 
trachea. 

The  operation  has  been  performed  for  aneurysm  of 
the  first  part  of  the  right  common  carotid  and  of  the  first 
and  second  parts  of  the  right  subclavian.  To  expose 
the  artery,  an  incision  is  made  through  the  skin  and 
fascia  from  the  junction  of  the  middle  and  lower  thirds 
of  the  anterior  border  of  the  right  sterno-mastoid  to 
the  anterior  surface  of  the  manubrium  sterni.  The 
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sternal  origin  of  the  sterno-mastoid  is  then  separated  from 
the  sternum,  and  the  outer  border  of  the  sternal  attach- 
ments of  the  sterno-hyoid  and  sterno-thyroid,  together 
with  the  branches  of  the  descendens  hypoglossi  nerve, 
are  pulled  inwards,  care  being  taken  to  avoid  the  trans- 
verse vein  connecting  the  two  anterior  jugular  veins,  and 
the  terminal  portion  of  the  anterior  jugular  vein  behind 
the  origin  of  the  sterno-mastoid.  It  is  sometimes 
necessary  to  resect  the  inner  end  of  the  clavicle  and  the 
upper  part  of  the  sternum  to  obtain  sufficient  access. 

The  second  layer  of  fascia  is  then  divided,  and  the 
right  common  carotid  identified  and  traced  down  to  the 
innominate.  The  right  inferior  thyroid  vein  is  ligated 
and  cut  across.  The  left  innominate  vein  lies  in  front 
of  the  lower  part  of  the  artery,  the  trachea  and  right 
pleura  lie  behind  it;  the  right  innominate  vem  and 
upper  part  of  the  superior  vena  cava  are  on  its  right 
side  and  the  left  common  carotid  on  its  left  side.  The 
vagus,  recurrent  laryngeal,  and  phrenic  nerves  lie  to  its 
outer  side,  but  are  not  in  immediate  danger. 

The  ligature  is  applied  close  to  the  bifurcation,  the 
needle  being  passed  from  right  to  left  to  avoid  the  pleura 
and  right  innominate  vein. 

Collateral  Circulation.— Aitev  ligation  of  the  innominate, 
the  blood  is  carried  to  the  head  and  neck  by  the  carotid 
and  vertebral  arteries  of  the  opposite  side.  The  two 
internal  carotids  and  vertebrals  communicate  through 
the  circulus  arteriosus  Willisi  (circle  of  Willis) ;  and  the 
branches  of  the  external  carotids  anastomose  across  the 
middle  line  in  the  neck  and  face.  The  collateral  circula- 
tion to  tlie  arm  is  chieHy  established  through  the  inter- 
costal anastomosis;  the  superior  intercostal  branch  of  the 
subclavian  (trunciis  costo-cervicalis)  communicatmg  with 
the  lateral  branches  of  the  aortic  intercostals  and  the 
intercostal  branches  of  the  internal  mammary,  and  those 
turn  with  the  thoracic  and  subscapular  branches  of  the 
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axillary.  The  superior  epigastric  branch  of  the  internal 
mammary  communicates  with  the  inferior  (deep)  epi- 
gastric branch  of  the  external  iliac. 

Ligation  of  the  Subclavian  Artery. — Third  part. 
(Fig.  11). — The  origin  of  the  subclavian,  the  main  artery 
of  supply  to  the  upper  extremity,  differs  on  the  two  sides. 
On  the  left  side  the  vessel  arises  directly  from  the  arch 
of  the  aorta  behind  the  lower  part  of  the  manubrium 
sterni,  and  on  the  right  at  the  bifurcation  of  the 
innominate  artery  opposite  the  right  sterno-clavicular 
joint.  The  course  of  the  artery  at  the  root  of  the 
neck  is  indicated  by  a  line  from  the  sterno-clavicular 
articulation  to  the  middle  of  the  clavicle,  reaching  up 
into  the  neck  for  a  distance  of  half  an  inch  to  one 
inch  above  the  clavicle. 

The  first  and  second  parts  of  the  artery  are  never 
selected  for  ligation  in  the  living  subject,  but  if  the 
third  part  is  found  to  be  diseased  the  scalenus  anterior 
may  be  notched  to  afford  access  to  the  second  part.  As 
the  phrenic  nerve  has  left  the  muscle  at  this  level, 
it  is  not  endangered  (John  Chiene).  The  third  part 
may  be  ligated  for  axillary  aneurysm,  for  primary  or 
secondary  htemorrhage  from  the  axillary  artery,  as  a 
distal  operation  in  innominate  or  aortic  aneurysm,  or 
as  a  preliminary  to  removal  of  the  arm  and  scapula. 
This  part  is  the  most  superficial,  and  lies  in  the 
triangle  formed  by  the  clavicle,  the  omo-hyoid,  and 
the  outer  edge  of  the  scalenus  anterior.  Normally  no 
branches  arise  from  this  part  of  the  artery. 

The  patient  is  brought  close  to  the  edge  of  the 
table  with  the  head  inclined  to  the  opposite  side,  and, 
to  depress  the  clavicle,  the  arm  is  drawn  down  and 
kept  in  contact  with  the  side.  An  incision  is  made 
from  a  point  over  the  clavicular  portion  of  the  sterno- 
mastoid  to  the  anterior  border  of  the  trapezius,  parallel 
with  the  clavicle    and    a  finger's    breadth  above  it. 
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In  making  the  incision  it  is  an  advantage  to  pull 
down  the  skin  so  that  it  can  be  cut  against  the  bone ; 
in  this  way  injury  to  the  external  jugular  vein  is 

Platyama         External  jugular  vein,  out  and  clamped 


Steruo-niastoid  / 
Scalenus  anterior 
Third  part  subclavian  arXwy 


Trapezius 
i      Supra-clavicular  branch 
I  of  cervical  plexus 

Cords  of  brachial  plexus 


Fig.  11. -Ligation  of  Third  Part  of  Left  Subclavian  Artery. 

avoided,  as  it  pierces  the  fascia  a  short  distance  above 
the  clavicle  and  therefore  cannot  be  pulled  down  with 
the  skin.     The  incision  divides  the  integument,  m- 
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eluding  the  platysma,  and  the  supra-clavicular  branches 
of  the  descending  superficial  cervical  nerves.  The 
external  jugular  vein,  sometimes  represented  by  a 
plexus  of  tributary  veins,  is  seen  crossing  the  sterno- 
mastoid  to  pierce  the  deep  fascia  at  its  posterior  border. 
If  it  cannot  be  held  aside  it  should  be  clamped  between 
two  forceps  and  cut  across,  because  if  opened  without 
being  clamped  it  is  kept  patent  by  the  deep  fascia, 
and  air  is  apt  to  be  sucked  in  during  inspiration  (air 
embolism). 

The  deep  fascia  is  now  divided  in  the  same  direction 
as  the  skin,  and  at  the  outer  angle  of  the  wound  the 
omo-hyoid  is  exposed  passing  upwards  and  inwards. 
In  the  fatty  tissue  are  several  lymph  glands,  and  the 
transversalis  colli  artery  and  its  superficial  cervical  branch 
cross  the  upper  part  of  the  wound,  while  the  supra- 
scapular (transverse  scapular)  runs  outwards  behind  the 
clavicle.  All  these  vessels  are  to  be  carefully  preserved, 
as  they  take  part  in  the  establishment  of  the 
collateral  circulation.  After  the  fatty  tissue  has  been 
removed,  the  cords  of  the  brachial  plexus  are  seen 
running  almost  vertically  downwards  to  disappear  under 
the  clavicle,  and  the  subclavian  artery  is  found 
alongside  the  inner  cord  of  the  plexus.  This  is  the 
most  constant  and  reliable  guide  to  the  artery.  The 
omo-hyoid  having  been  retracted,  the  outer  edge  of  the 
scalenus  anterior  is  defined  by  dividing  the  fascia 
proceeding  from  it,  and  is  traced  down  to  the  scalene 
tubercle  of  Lisfranc  on  the  first  rib.  The  subclavian 
artery  emerges  from  behind  the  muscle  and  rests  against 
the  dome  of  the  pleura,  the  scalenus  medius,  and  the 
first  rib. 

Internal  to  the  scalenus  anterior  is  the  bulbous 
portion  of  the  internal  jugular  vein,  and  in  front  of 
the  subclavian  artery  and  separated  from  it  by  the 
scalenus  anterior  is  the  subclavian  vein.    The  phrenic 
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nerve,  having  already  left  the  muscle,  is  not  endangered. 
On  the  left  side,  the  thoracic  duct  ascends  from  the 
chest  into  the  neck  close  to  the  inner  border  of  the 
scalenus  anterior  and  passes  into  the  angle  between  the 
subclavian  and  internal  jugular  veins.  When  present, 
the  right  lymphatic  duct  lies  along  the  inner  border  of 
the  right  scalenus  anterior. 

The  needle  should  be  passed  away  from  the  brachial 
plexus — that  is,  from  above  and  behind,  its  point  being 
guided  with  the  left  forefinger,  which  protects  the  vein 
and  pleura. 

Collateral  Circulation.— AHqx  ligation  of  the  third  part 
of  the  subclavian,  the  collateral  circulation  is  estab- 
lished through  the  intercostal  anastomosis  (p.  18),  and 
the  scapular  anastomosis,  in  which  the  supra  -  scapular 
(arteria  transversa  scapulte)  and  the  posterior  scapular 
derived  from  the  subclavian,  communicate  with  the  sub- 
scapular branch  of  the  axillary. 

Ligation  o£  the  Internal  Mammary  Artery  (Fig.  12). — 
The  internal  mammary  branch  of  the  subclavian  is  most 
easily  reached  in  the  second  intercostal  space  through 
an  incision  which  passes  from  the  middle  line  of  the 
sternum,   transversely    outwards    between    the  costal 
cartilages.    The  skin  and  fascia  having  been  divided,  the 
fibres  of  the  internal  intercostal  are  exposed.  These, 
together  with  the  fascia  beneath  them,  are  cut,  and  the 
artery  with  its  veh»  comites,  is  seen  lying  against  the 
pleura,  about  a.  quarter  to  half  an  inch  from  the  edge  of 
the  sternum.    If  the  access  is  insufficient,  a  portion  ot 
the  costal  cartilage  may  be  resected. 

In  passing  the  needle,  great  care  must  be  taken  not 

to  injure  the  pleura. 

In  the  lower  intercostal  spaces,  the  artery  bes  a  little 
farther  out  from  the  edge  of  the  sternum. 

Ligation  of  the  Common  Carotid  Artery.— Ihe 
right  common  carotid  artery  commences  at  the  bifurca- 
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tion  of  the  innominate,  opposite  the  right  sterno-clavicular 
articulation ;  the  left  arises  directly  from  the  arch  of 
the  aorta.  Each  terminates  at  the  level  of  the  upper 
border  of  the  thyroid  cartilage  by  dividing  into  external 
and  internal  carotid.  For  surgical  purposes,  the  intra- 
thoracic portion  of  the  left  artery  is  negligible.  The 


Fig.  ]2. — Ligation  of  Right  Internal  Mammary  Artery. 


omo-hyoid  muscle  crosses  the  artery  at  the  level  of  the 
lower  border  of  the  cricoid  cartilage,  and  the  part  above 
the  crossing  of  the  omo-hyoid,  although  under  the  deep 
fascia,  is  comparatively  superficial,  and  is  that  usually 
selected  for  ligation.  It  can  be  felt  pulsating  in  the 
hollow  between  the  larynx  and  the  anterior  border  of 
the  sterno -mastoid,  which  slightly  overlaps  it.    The  first 
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or  lower  part  of  the  artery  is  more  deeply  placed,  and 
is  covered  by  the  sterno-thyroid,  sterno-hyoid  and 
sterno-mastoid  muscles,  and  it  is  sometimes  overlapped 
by  the  lateral  lobe  of  the  thyroid  gland. 

The  artery,  together  with  the  internal  jugular  vein  and 
the  vagus  nerve,  is  enclosed  by  a  fibrous  sheath — the 
carotid  sheath^ — derived  from  the  cervical  fascia.  The 
vessel  can  be  compressed  at  the  level  of  the  cricoid 
by  pressing  backwards  and  inwards  against  the  trans- 
verse process  (carotid  tubercle)  of  the  sixth  cervical 
vertebra.  In  compressing  the  artery  the  vagus  also  may 
be  pressed  upon,  and  this  gives  rise  to  slowing  of  the 
pulse,  dyspnoea,  and  syncope. 

The  course  of  the  common  carotid  is  indicated  by  a 
line  drawn  from  the  upper  end  of  the  sterno-clavicular 
articulation  to  a  point  midway  between  the  tip  of  the 
mastoid  process  and  the  angle  of  the  jaw,  that  portion  of 
the  line  below  the  upper  border  of  the  thyroid  cartilage 
corresponding  to  the  common  carotid  trunk.  The  artery 
gives  off  no  branches. 

Ligation  at  the  Seat  ot  Election,  that  is,  above  the 
omo-hyoid,  may  be  performed  —  (1)  As  a  distal 
operation  in  innominate  or  aortic  aneurysm,  or  as  a 
proximal  operation  for  aneurysm  at  the  bifurcation  or  of 
the  internal  carotid.  (2)  For  ht^morrhage  from  wounds 
or  ulceration  of  the  artery  itself,  or  in  the  distribution 
of  the  internal  carotid.  (3)  As  a  preliminary  to 
operations  upon  malignant  tumours  in  the  upper  part  of 
the  neck  or  in  the  head,  either  as  a  temporary  or  a 
permanent  occlusion.  (4)  The  artery  has  been  ligated 
in  cases  of  hydrocephalus  and  for  epilepsy,  first  on  one 
side  and  later  on  the  other. 

The  common  carotid  should  never  be  tied  if  ligation 
of  the  external  carotid  will  serve  the  purpose,  because 
of  the  liability  to  antemia  of  the  brain  centres  on  tlie 
same  side.     In  about  20  per  cent,  of  cases  of  ligation 
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of  the  common  carotid  ia  persons  above  middle  life,  the 
operation  is  followed  by  hemiplegia  and  nuconscionsness, 
and  eventually  proves  fatal. 

An  oblique  incision  is  made  in  the  line  of  cleavage 
of  the  skin  at  the  level  of  the  cricoid  cartilage,  the 
middle  of  the  incision  being  at  the  anterior  border  of  the 


Fill.  13. — Ligature  of  Right  Common  Carotid  above  Oiiio  liyoid. 
(After  F.  F.  Burghard.) 


sterno-mastoid.  After  the  skin  and  platysma  are 
divided  and  the  superficial  vessels  secured,  the  transverse 
superficial  cervical  nerve  (n.  cutaneus  colli)  is  seen  passing 
forwards  over  the  sterno-mastoid  from  its  posterior  border 
and  is  hooked  aside.    The  deep  fascia  is  then  divided  and 
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the  anterior  edge  of  the  sterno-mastoid  freely  exposed  and 
pulled  outwards  with  a  retractor.  The  sterno-mastoid 
branch  of  the  superior  thyroid  artery  must  be  divided. 
The  omo-hyoid  is  then  exposed  passing  upwards  and 
inwards,  and  in  the  angle  between  these  two  muscles,  the 
artery  is  sought  for  after  dividing  the  deeper  layer  of 
the  fascia  which  forms  the  sheath.  On  the  surface 
of  the  sheath  is  seen  the  descendens  hypoglossi  nerve 
which  supplies  the  depressor  muscles  of  the  hyoid,  the 
branches  to  which  pass  forwards.  The  nerve,  therefore, 
should  be  drawn  inwards. 

The  internal  jugular  vein  lies  to  the  outer  side  of  the 
artery,  and  in  the  living  subject  overlaps  it  to  a  variable 
extent. 

The  vagus  nerve,  which  occupies  the  third  compart- 
ment of  the  sheath,  lies  behind  and  between  the 
artery  and  vein  ;  behind  the  sheath  is  the  sympathetic 
cord.  The  vessel  rests  against  the  prevertebral  fascia 
and  the  vertebral  muscles.  To  the  inner  side  lie  the 
trachea  and  larynx  and  the  gullet,  with  the  recurrent 
laryngeal  nerve  in  the  groove  between  them.  The 
gullet  has  a  less  intimate  connection  with  the  right  than 
with  the  left  common  carotid. 

The  needle  is  passed  from  without  inwards  and  is 
kept  close  to  the  artery  to  avoid  including  the  vagus ; 
it  is  better  to  see  the  nerve  to  make  certain  of  this. 

Ligation  below  the  Omo-hyoid.  —  The  artery  lies 
much  deeper  and  the  operation  is  more  difficult,  especially 
in  short-necked  persons.  The  incision  is  made  obliquely 
across  the  neck  a  short  distance  above  the  clavicle, 
dividing  the  deep  fascia  (Fig.  14).  The  sterno-mastoid  is 
exposed  and  pulled  outwards,  and  the  sterno-hyoid  and 
thyroid  are  drawn  inwards  or  divided.  The  sheath, 
having  been  exposed,  is  opened,  and  the  vein  is  found  to 
the  outer  side  of  the  artery.  On  the  left  side  the  vein 
overlaps  the  artery  to  a  gi-eater  extent  than  on  the  right. 
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Ligation  of  the  External  Carotid  Artery.- — The 
external  carotid  is  the  smaller  of  the  two  branches  of 
the  common  carotid,  and  extends  from  a  point  opposite 
the  upper  border  of  the  thyroid  cartilage  to  the  level  of 
the  neck  of  the  lower  jaw,  where  it  divides  into  the 

Lateral  lobe  of  thyroid      Omo-hyoid  retracted 


Stenio-hyoid  ' 
Sterno-thyroid 


Coinmou  carotid  in  sheatli 
Steruo-iuastoid 


Fig.  14. — Ligation  of  Left  Common  Carotid  below  Oino-hyoid. 

superficial  temporal  and  the  internal  maxillary,  either 
under  cover  of,  or  in  the  substance  of,  the  parotid  gland. 
At  first  it  lies  a  little  in  front  and  to  the  inner  side  of 
the  internal  carotid  and  then  passes  backwards  and 
comes  to  be  superficial  to  it.     At  its  origin,  the  vessel 
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is  comparatively  superficial,  being  overlapped  only  by 
the  sterno-mastoid.  As  it  ascends,  it  passes  backwards 
and  becomes  deeper,  and  giving  off  a  number  of  branches, 
it  rapidly  becomes  smaller.     Below  the  digastric  it  is 

Teudous  of  digastric  and  stylo-hj'oid 
Platysma   Submaxillary  I  Hypoglossal 

Great]cornu  of  hyoid         |        glaurt  |  nerve 


Common  carotid     |  I  Sterno-mastoid 

External  carotid  and  External  jugular  vein 

superior  thyroid  and 
lingual  branches 

Descendens  hypoglossi  on  internal  carotid  artery 

Fig.  15.— Ligation  of  Left  External  Carotid  Artery. 

crossed  by  the  hypoglossal  uerve,  and  usually  by  the 
lingual  and  facial  veins.  Above  the  digastric  it  is 
crossed  by  the  iuframaxillary  branch  (ramus  colli)  of 
the  facial  nerve.    Tlie  superior  laryngeal  uerve  passes 
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immediately  behind  the  vessel  near  its  origin.  Its 
branches  are :  the  superior  thyroid,  lingual,  facial  (ex- 
ternal maxillary),  occipital,  posterior-auricular,  and  ascend- 
ing pharyngeal. 

The  course  of  the  vessel  is  indicated  on  the  surface 
in  the  same  way  as  that  of  the  common  carotid.  To 
expose  the  artery,  an  oblique  incision  is  made  a  finger's 
breadth  below  the  angle  of  the  jaw,  dividing  the  skin 
and  platysma,  the  latter  of  which  may  be  so  well 
developed  as  to  be  mistaken  for  the  sterno-mastoid 
(Fig.  15). 

At  the  posterior  part  of  the  wound,  the  external 
jugular  vein  is  exposed,  and  behind  it  the  great  auricular 
nerve,  both  running  vertically  over  the  sterno-mastoid. 
These  structures  are  drawn  backwards.  The  anterior 
edge  of  the  sterno-mastoid  is  exposed  by  dividing  the 
deep  fascia. 

In  the  upper  part  of  the  wound  the  digastric  muscle 
is  seen  with  the  hypoglossal  nerve  below  it.  These  are 
displaced  upwards,  and  the  artery  is  exposed. 

The  ligature  is  applied  between  the  superior  thyroid 
and  the  lingual  branches,  exactly  opposite  the  great  cornu 
of  the  hyoid  bone,  the  needle  being  passed  from  without 
inwards. 

Ligation  of  the  Internal  Carotid  Artery. — The 
internal  carotid  extends  from  the  bifurcation  to  the 
carotid  canal  in  the  petrous  temporal  bone.  It  lies 
deeper  than,  and  a  little  posterior  to,  the  external 
carotid,  against  the  lateral  wall  of  the  pharynx. 

It  is  rarely  tied.  The  operation  is  carried  out  on  the 
same  lines  as  that  for  ligation  of  the  external  carotid, 
which  is  exposed  in  the  first  instance.  Tlie  needle  is 
passed  from  the  outer  side,  care  being  taken  to  avoid 
injuring  the  jugular  vein,  the  vagus  nerve,  or  the 
sympathetic  cord. 

Ligation  of  the  Facial  (External  Maxillary)  Artery. — 
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At  its  origin,  the  facial  artery  may  be  tied  by  an 
operation  similar  to  that  for  ligation  of  the  external 
carotid. 

On  the  face,  it  is  secured  as  it  crosses  the  lower  border 
of  the  jaw  just  in  firont  of  the  masseter  muscle.  An 
incision  is  made  immediately  below  and  parallel  with  the 
lower  border  of  the  jaw  opposite  the  anterior  edge  of 


Facial  artery 


\ 


Facial  vein 


Masseter;niuscle    Deep  fascia 
Fig.  16.— Ligation  of  Left  Facial  (External  Maxillary)  Artery. 

the  masseter  muscle,  care  being  taken  to  avoid  injurmg 
the  supra-mandibular  (marginal)  branch  of  the  facial 
nerve  which  runs  above  the  margin  of  the  jaw.  The 
artery,  with  the  vein  behind  it,  is  exposed  after  dividing 
the":  integument  and  platysma,  and  is  easily  secured 
(Fig.  16). 


LINGUAL  ARTERY 


31 


Ligation  of  the  Lingual  Artery. — The  operation  for 
ligation  of  the  lingual  artery  at  its  origin  is  the  same 
as  that  for  ligation  of  the  external  carotid. 

In  its  second  part — beneath  the  hyoglossus — it  is 
reached  by  a  curved  incision  following  the  line  of  the 
hyoid  bone,  commencing  at  the  anterior  edge  of  the 
sterno-mastoid  and  passing  along  the  greater  cornu  of  the 
hyoid  bone  as  far  as  its  body  (Fig.  17).    The  integument, 


Hypoglossal 
nerve 
Stylo-byoid  muscle 

Submaxillary  gland 
retracted 
Hyoglossus  muscle  split, 
I      showing  lingual  artery 

Digastric  muscle 
' — Hyoid  bone 

'      t'   T^'  Lingual  artery 

,■        !     External  carotid  artery 
I      Facial  artery 

Sterno-mastoid  muscle 
Fig.  17.~Ligation  of  the  Right  Lingual  Artery  in  its  second  part. 

including  the  platysma,  is  divided,  the  branches  of  the 
anterior  jugular  and  facial  veins  are  secured  and  divided, 
and  the  deep  fascia  is  incised  in  a  line  parallel  with  the 
upper  border  of  the  hyoid  bone.  The  submaxillary 
gland  thus  exposed  is  retracted  upwards,  along  with 
the  integument.  If  the  hyoid  bone  is  now  pressed 
forwards  from  the  opposite  side  of  the  neck  and  seized 
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with  a  hook,  the  digastric  and  stylo-hyoid  muscles  are 
made  prominent,  and  the  hypoglossal  nerve,  with  the 
ranine  vein  just  below  it,  is  identified  as  it  crosses 
the  surface  of  the  hyoglossus,  which  is  recognised  by  the 
vertical  direction  of  its  fibres.    The  hypoglossal  nerve 
and  the  ranine  vein  having  been  drawn  upwards,  the 
hyoglossus  is  cut  close  to  and  parallel  with  the  hyoid 
bone  or  split  vertically.    The  artery,  which  usually  bulges 
out  through  the  divided  muscle  fibres,  is  cleared  sufficiently 
to  enable  a  ligature  to  be  passed  round  it.    The  wound 
is  then  closed  after  replacing  the  submaxillary  gland  and 

the  skin  flap.  . 

Ligation  o£  the  Inferior  Thyroid  Artery.— The  mferior 
thyroid,  the  most  important  branch  of  the  thyroid  axis, 
is  exposed  through  a  transverse  incision  in  the  lower 
third  of  the  neck,  extending  from  the  edge  of  the  sterno- 
mastoid  to  the  middle  line.    After  the  skin,  platysma, 
and  deep  fascia  have  been  divided,  the  sterno-mastoid 
pulled  outwards,  and  the  sterno-thyroid  inwards,  the 
carotid  artery  is  exposed  in  the  outer  part  of  the  wound 
and  the  thyroid  gland  in  the  inner  part.    The  carotid 
sheath  and  its  contents  are  pulled  outwards  and  the 
inferior  thyroid  is  exposed  behind  them.    In  passmg 
the  aneurysm  needle,  care  must  be  taken  to  avoid  the 
recurrent  laryngeal  nerve  which  crosses  behmd  the  bend 
of  the  artery  and  ascends  upon  the  lougus  colli  muscle. 

Ligation  o£  the  Vertebral  Artery.-Tbis  vessel  is 
rarely  ligated  in  the  living  subject.  It  arises  from  the 
upper  and  back  part  of  the  first  portion  of  the  sub- 
clavian, and  runs  upwards  in  the  space  between  the 
inner  border  of  the  scalenus  anterior  and  the  outer 
border  of  the  longus  colli  as  far  as  the  foramen  in  the 
transverse  process  of  the  sixth  cervical  vertebra,  which 
it  enters.  Near  its  origin  it  is  crossed  by  the  auterior 
iucular  and  vertebral  veins  and  by  the  mferior  thyroid 
artery  and  on  the  left  side  by  the  thoracic  duct,  The 
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best  guide  to  the  vessel  is  the  carotid  tubercle,  and 
throughout  the  operation  this  landmark  should  never  be 
lost  sight  of. 

The  artery  is  exposed  through  an  oblique  incision 
vou  III. — 3 
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beginning  above  the  supra-sternal  notch,  and  passing 
upwards  and  outwards  over  the  sterno-mastoid  (Fig.  18). 
After  division  of  the  skin  and  platysma,  the  anterior  edge 
of  the  sterno-mastoid  is  exposed  and  the  muscle  drawn 
well  outwards.    The  omo-hyoid  is  drawn  upwards  and  the 
sterno-hyoid  inwards.    The  common  carotid,  the  internal 
jugular,  and  the  vagus  are  drawn  outwards  in  the  carotid 
sheath.    The  inner  aspect  of  the  sheath  is  then  cleared, 
and  the  dissection  carried  down  between  the  sheath  and 
the  thyroid  gland.    The  recurrent  laryngeal  nerve,  passing 
upwards  alongside  the  trachea,  must  be  avoided.  The 
prevertebral  fascia  is  incised  from  the  level  of  the 
carotid  tubercle  to  the  arch  of  the  inferior  thyroid  artery, 
and  the  vertebral  artery  is  found  under  cover  of  the 
outer  edge  of  the  longus  colli.    The  scalenus  anterior,  on 
which  lies  the  phrenic  nerve,  is  at  its  outer  side. 

The  ligature  may  be  passed  in  either  direction,  but 
care  must  be  taken  to  avoid  including  the  fibres  of  the 
sympathetic,  which  surround  the  artery. 


CHAPTER  III 


LIGATION  OF  THE  ARTERIES  OF  THE  UPPER 

EXTREMITY 

Axillary  :  First  Part— Second  Part— Third  Part.  Brachial  : 
In  Middle  of  UiDper  Arm— At  Bend  of  Elbow.  Eadial  • 
Upper  Third— Middle  Third— Lower  Third— On  Back  of 
Wrist.  Ulnar  :  Above  Origin  of  Common  Interosseous— In 
Middle  of  Forearm— In  Lower  Third. 

Ligation  of  the  Axillary  Artery. — With  the  arm 
abducted  to  a  right  angle  with  the  trunk,  the  course  of  the 
axillary  artery  is  indicated  on  the  surface  by  a  line  drawn 
from  a  point  a  little  outside  the  middle  of  the  clavicle 
to  a  point  on  the  inner  border  of  the  coraco-brachialis 
opposite  the  level  of  the  lower  border  of  the  teres  major. 
The  pectoralis  minor  crosses  the  artery,  dividing  it  into 
three  parts.  The  upper  edge  of  the  pectoralis  minor  is 
indicated  by  a  line  drawn  from  the  upper  border  of  the 
third  costo-chondral  junction  to  the  coracoid  process, 
and  its  lower  edge  by  a  line  drawn  from  the  lower 
border  of  the  fifth  rib  to  the  coracoid. 

The  indications  for  ligation  of  the  axillary  artery  are  : 
wounds  of  the  artery  itself ;  uncontrollable  htemorrhage 
from  vessels  beyond ;  aneurysm  of  the  brachial  (proximll 
operation);  and  aneurysm  of  the  subclavian  (distal 
operation). 

The  collateral  circulation  is  established  by  the  same 
anastomosis  as  after  ligation  of  the  third  part  of  tlie 
subclavian. 
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Clavicular  origin  of  pectoralis  major  (partly  divided) 

'      Cords  of  brachial  plexus 
^      '  Axillary  artery 

Deltoid  muscle 


Pectoralis  major 
ein 

Fia.  19. -Ligation  of  First  Part  of  Left  Axillary  Artery. 


Cephalic  vein 

Pectoralis  minor 

Cephalic  vein 


Ligation  o!  the  First  Part  o£  the  AxiUary  Artery  -- 

Whe.1  the  arm  is  close  to  the  side,  about  an  inch  of  the 
vessel  lies  above  the  pectoralis  minor,  but  m  the  abducted 
position  the  pectoral  rises  to  the  leve  of  the  fiist  nb 
and  very  little  of  the  artery  is  accessible.    The  superior 
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thoracic  aud  sometimes  the  thoraco-acromial  branches 
arise  from  the  first  part. 

The  vessel  may  be  exposed  either  (1)  by  a  transverse 
curved  incision,  with  its  convexity  downwards,  about  a 
finger's  breadth  below  the  clavicle,  extending  from  a 
point  half  an  inch  outside  the  sterno-clavicular  articula- 
tion to  a  point  half  an  inch  internal  to  the  coracoid  ; 
or  (2)  by  a  longitudinal  incision  (Kocher)  beginning  over 
the  junction  of  the  outer  and  middle  thirds  of  the  clavicle, 
and  passing  down  over  the  coracoid  process  and  along 
the  groove  between  the  deltoid  and  the  clavicular  fibres 
of  the  pectoralis  major  (Fig.  19). 

With  the  arm  close  to  the  side,  the  integument, 
including  the  platysma,  is  divided,  and  the  deep 
fascia  opened,  care  being  taken  to  avoid  the  cephalic 
vein,  which  lies  at  the  edge  of  the  deltoid,  and  the 
muscles  are  separated  as  far  down  as  the  upper  edge  of 
the  tendon  of  the  pectoralis  major.  To  obtain ''free 
access,  a  portion  of  the  pectoralis  major  may  be  divided. 
The  pectoralis  minor  is  then  defined  and  drawn  down, 
and  the  costo-coracoid  membrane  divided  in  the  line  of 
the  artery  immediately  to  the  inner  side  of  the  coracoid 
process.  This  membrane  is  pierced  by  the  cephalic  vein, 
the  thoraco-acromial  artery  and  vein,  and  branches  of 
the  external  anterior  thoracic  nerve,  and  these  structures 
must  not  be  injured. 

Above  and  to  the  outer  side  of  the  artery  are  the 
outer  and  posterior  cords  of  the  brachial  plexus,  and  the 
external  anterior  thoracic  nerve.  The  axillary  vein,  to 
which  the  cephalic  vein  is  a  useful  guide,  lies  to  the 
inner  side  of  the  artery,  the  internal  anterior  thoracic 
nerve  intervening.  The  vessel  lies  against  the  first 
digitation  of  the  serratus  magnus  and  tlie  conteuts  of 
the  first  intercostal  space,  and  has  behind  it  the  inner 
cord  of  the  brachial  plexus  and  the  long  thoracic  or 
nerve  of  Bell. 
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The  axillary  sheath  having  been  cleared  from  a 
portion  of  the  vessel,  the  needle  is  passed  from  within 
outwards  to  avoid  damaging  the  vein,  and  the  instrument 
should  be  kept  in  close  contact  with  the  artery,  lest  one 
or  other  of  the  nerve  cords  be  included. 

The  Second  Part  o£  the  AxiUary,  lying  under 
cover  of  the  pectoralis  minor,  measures  about  an  inch 
and  a  quarter,  and  usually  gives  off  the  thoraco- acromial, 
long  (lateral),  and  alar  thoracic  branches.  It  is  sur- 
rounded by  the  cords  of  the  plexus,  the  inner  of  which 
separates  it  from  the  vein. 

Ligation  o£  the  Third  Part  o£  the  Axillary  is  the 
operation  of  choice  in  the  living  subject.  About  three 
inches  of  the  vessel  are  available  beyond  the  lower 
border  of  the  pectoralis  major,  where  the  vessel  is  covered 
only  by  integument  and  deep  fascia.  This  portion  of  the 
vessel  gives  off  the  subscapular  and  the  anterior  and 
posterior  circumflex  branches. 

With  the  arm  abducted  to  a  right  angle,  an  incision  is 
made  in  the  line  of  the  vessel  along  the  inner  edge  of  the 
coraco-brachialis.      The  integument  and  axillary  fascia 
having  been  divided,  the  coraco-brachialis  is  exposed  and 
together  with  the  musculo-cutaneous  nerve,  which  may 
be  seen  entering  it,  is  drawn  outwards.    External  to  the 
artery  lies  the  median  nerve,  which  may  be  recognised 
by  its  two  heads  embracing  the  artery.    The  axillary 
vein  the  direct  continuation  of  the  basilic,  lies  internal 
to  the  artery,  but  is  separated  from  it  by  the  ulnar 
nerve  and  the  internal  cutaneous  nerve  of  the  forearm 
The  lower  part  of  the  artery  is  sometimes  accompanied 
by  venaj  comites,  continued  upwards  from  the  brachial. 
The  artery  rests  against  the  muscles  inserted  mto  the 
bicipital  (inter-tubercular)  groove,  and  the  circumtiex 
axillary  and  musculo -spiral  (radial)  nerves. 

The  vessel  having  been  cleared  by  dissection,  the 
needle  is  passed  from  within  outward. 
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If  the  ligature  is  applied  near  the  termination  of  the 
artery,  the  anastomosis  will  be  between  the  subscapular, 
lateral  thoracic,  branches  of  the  axillary  and  the  posterior 
and  anterior  circumflex  branches  of  the  brachial. 


Axillary  vein 

Fk!.  20.— Ligation'of  Third  Partiof  Left  Axillary  Artery. 

The  Posterior  Circumflex  Artery  is  exposed  i  n  the 
same  way  as  the  circumflex  (axillary)  nerve  (p.  107). 

Ligation  of  the  Biiachial  Artery. — The  brachial 
artery  extends  from  the  lower  border  of  the  teres 
major  to  a  point  a  finger's  breadth  below  the  middle 
of  the  bend  of  the  elbow,  opposite  the  neck  of  the 
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radius,  where  it  bifm-cates  into  the  radial  and  ulnar. 
In  its  upper  two-thirds  it  lies  against  the  inner  aspect 
of  the  humerus,  slightly  overlapped  by  the  coraco- 
brachialis ;  in  its  lower  third  it  lies  in  front  of  the  bone 
under  the  inner  edge  of  the  biceps.    It  can  be  felt 


Merliau  nerve 
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Fig.  21.— Lig.ation  of  Left  Bracliial  Artery  in  Middle  of  Upper  Arm. 

pulsating  as  far  as  the  bend  of  the  elbow,  where  it  passes 
under  the  bicipital  fascia  (laculus  fibrosus)  and  enters  the 
hollow  between  the  pronator  teres  and  the  brachio- 
radialis  (supinator  longus).  It  is  accompanied  by  two 
venje  comites.  The  basilic  vein  lies  to  its  inner  side, 
superficial  to  the  deep  fascia  in  the  lower  part  and 
under  it  in  the  upper  part. 
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About  the  middle  of  the  arm  the  median  nerve 
crosses  the  artery  from  without  inwards.  The  ulnar 
nerve  lies  to  the  inner  side  as  far  as  the  insertion  of  the 
coraco-brachialis,  and  then  leaves  it  to  pass  to  the  back 
of  the  internal  epicondyle.  The  internal  cutaneous  nerve 
of  the  forearm  also  lies  to  its  inner  side  until  it  pierces 
the  deep  fascia  about  the  middle  of  the  arm  and  joins 
the  subcutaneous  portion  of  the  basilic  vein. 

ISTear  its  commencement  the  brachial  gives  off  the 
superior  profunda  branch,  which  accompanies  the  musculo- 
spiral  (radial)  nerve ;  lower  down  the  inferior  profunda 
(superior  ulnar  collateral)  arises  and  accompanies  the  ulnar 
nerve ;  and  about  two  fingers'  breadth  above  its  termina- 
tion it  gives  off  the  anastomotic  (inferior  ulnar  collateral) 
branch,  which  passes  backwards  and  pierces  the  internal 
intermuscular  septum. 

The  chief  indication  for  ligation  of  the  brachial  in  its 
continuity  is  secondary  haemorrhage  from  the  vessel 
itself  or  in  the  area  of  its  distribution,  particularly  in 
the  palm  of  the  hand,  where  the  bleeding-point  cannot 
be  secured  or  the  bleeding  arrested  by  pressure. 

The  vessel  may  be  ligated  either  at  the  middle  of  the 
upper  arm  or  at  the  bend  of  the  elbow. 

Ligation  of  the  Brachial  Artery  at  the  Middle  of  the 
Upper  Arm  (Fig.  2 1 ).— The  limb,  abducted  to  a  right  angle, 
is  supported  by  an  assistant,  because  if  it  is  allowed  to  rest 
on  the  table  the  triceps  is  pushed  forward  and  obscures  the 
artery ;  it  may  even  happen  that  the  inferior  profunda 
(superior  ulnar  collateral)  artery  and  the  ulnar  nerve  are 
brought  into  view  instead  of  the  brachial  artery  and  the 
median  nerve  (Heath).  An  incision  is  made  in  the  line 
of  the  artery  along  the  inner  edge  of  the  biceps,  care  being 
taken  to  avoid  the  basilic  vein.  The  deep  fascia  is  divided, 
the  edge  of  the  muscle  defined  and  drawn  outwards,  and 
the  median  nerve,  thus  exposed  in  front  of  the  artery, 
drawn  aside.    To  the  inner  side  are  the  internal  cutaneous 
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and  ulnar  nerves,  the  latter  lying,  under  the  fascia  cover- 
ing the  inner  head  of  the  triceps.  The  vense  comites 
are  separated  from  the  portion  of  the  artery  selected,  and 
the  needle  is  passed  from  within  outwards. 

If  the  artery  is  exposed  above  the  viiddle  of  the  arm, 
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Fig.  22.-Ligatiou  of  Right  Braclual  Artery  at  the  Bend  of  the  Elbov. 

the  coraco-brachialis  comes  into  view  in  place  of  the 
biceps,  and  the  ulnar  nerve  lies  close  to  the  artery  on  its 

inner  side.  „    ,    c  i.u 

Ligation  o£  the  Brachial  Artery  at  the  Bend  of  the 
Elbow  (Fig.  22).— An  incision  made  along  the  ulnar  side  of 
the  tendon  of  the  biceps  exposes  the  deep  fascia  on  which 
lie  the  median  basilic  vein  and  the  cutaneous  nerve  of  the 
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forearm.  These  having  been  drawn  inwards,  the  bicipital 
fascia  is  defined  and  divided  in  the  line  of  the  wound. 
The  artery,  with  its  companion  veins,  lies  immediately 
under  the  biciioital  fascia.  The  median  nerve  lies  to  the 
ulnar  side.    The  needle  is  passed  from  within  outwards. 

Collateral  Ciradation. — After  ligation  in  the  middle  of 
the  arm  the  circulation  is  maintained  by  the  profunda 
and  superior  ulnar  collateral  branches  carrying  blood  to 
the  vessels  which  share  in  the  anastomosis  around  the 
elbow,  namely,  the  inferior  ulnar  collateral  and  the  radial, 
ulnar,  and  interosseous  recurrent  branches. 

Ligation  of  the  Radial  Aeteey. — The  radial  artery 
is  the  direct  continuation  of  the  brachial.  Its  course  is 
indicated  by  a  line  drawn  from  the  middle  of  the  cubital 
fossa  opposite  the  level  of  the  neck  of  the  radius  to  the 
front  of  the  radius  where  the  "  pulse  "  can  be  felt.  In 
the  upper  third  it  is  overlapped  by  the  brachio-radialis. 
In  the  rest  of  its  course  it  is  superficial.  In  the  middle 
third  the  radial  nerve  lies  close  to  the  radial  side  of  the 
arbery.  It  gives  off  the  following  branches :  recurrent 
radial,  muscular,  superficialis  volae,  carpal,  and  dorsal 
branches  to  the  thumb  and  index,  and  it  is  continued 
downwards  to  form  the  deep  palmar  arch. 

Ligation  of  Radial  Artery :  In  the  Upper  Third —An 
incision  is  made  in  the  line  of  the  artery  or  a  little  to 
the  ulnar  side  of  it  to  strike  off  the  intermuscular 
septum  between  the  brachio-radialis  and  the  flexor  carpi 
radialis,  between  which  muscles  it  lies.  The  superficial 
radial  veins  and  a  large  branch  of  the  musculo-cutaneous 
nerve  appear  upon  the  fascia.  After  the  deep  fascia  has 
been  divided  the  brachio-radialis  is  pulled  to  the  radial 
side,  and  the  artery  is  found  lying  on  the  insertion  of  the 
pronator  teres.  It  is  accompanied  by  venje  comites,  and 
to  the  radial  side,  but  some  distance  oft',  is  the  superficial 
branch  of  the  radial  nerve.  The  needle  may  be  passed 
in  either  direction. 
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In  the  Middle  Third. — The  incision  is  made  in  the 
line  of  the  vessel,  which  has  the  same  relations  as  above. 
The  vessel  lies  on  the  radial  origins  of  the  flexor  longus 
pollicis  and  the  flexor  sublimis  digitorum.  In  this  part 
of  its  course  the  superficial  branch  of  the  radial  nerve 


Fig.  23.— Ligation  of  Left  Radial  Artery  in  Upper  Third. 

lies  close  to  the  radial  side  of  the  artery  under  the  edge 
of  the  brachio-radialis,  beneath  which  it  passes  towards 
the  back  of  the  forearm. 

In  the  Lower  Third,  just  above  the  wrist.  The 
incision  is  made  in  the  line  of  the  artery  between  the 
tendon  of  the  flexor  carpi  radialis  and  the  edge  of  the 
radius.    In  the  fascia  is  the  commencement  of  the 
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superficial  radial  vein  and  the  terminal  branch  of  the 
anterior  division  of  the  external  cutaneous  nerve.  After 
the  fascia  is  divided  the  artery  is  exposed  lying  on  the 
bone,  accompanied  by  vente  comites,  and  with  the 
abductor  pollicis  longus  (extensor  ossis)  lying  to  its 
radial  side,  and  the  flexor  carpi  radialis  to  its  ulnar 
side.  The  radial  nerve  is  no  longer  related  to  the 
artery,  having  passed  to  the  back  of  the  forearm. 


Fig.  24.— Ligation  of  Right  Radial  Artery  in  Lower  Third. 


On  I  the  Back  of  the  Wrist.— With  the  thumb 
extended  and  abducted,  an  incision  is  made  parallel 
with  the  abductor  pollicis  longus  (extensor  ossis),  cross- 
ing the  artery  obliquely.  The  radial  vein  and  nerve  run 
parallel  to  the  extensors  of  the  phalanges,  and  are 
therefore  less  liable  to  be  injured. 

Ligation  of  thk  Ulnar  Artery.— The  ulnar  artery, 
the  larger  branch  of  the  two  vessels  resulting  from  the 
bifurcation  of  the  brachial,  begins  opposite  the  neck  of 
the  radius  in  the  middle  of  the  cubital  space,  and  ends 
on  the  radial  side  of  the  pisiform  bone,  where  it  enters 
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the  palm  to  form  with  the  superficiahs  volae  the  super- 
ficial palmar  arch.    From  the  middle  of  the  forearm  its 
course  is  straight  and  parallel  with  the  radial  artery,  the 
vessel  being  overlapped  by  the  flexor  carpi  ulnaris.  The 
upper  third  of  the  artery  is  indicated  on  the  surface  by 
a  line  curving  towards  the  ulnar  side.    It  lies  under 
cover  of  the  superficial  flexor  muscles  near  their  origin 
from  the  internal  condyle.    It  is  accompanied  by  venae 
comites  throughout,  and  in  its  lower  two-thirds  the  ulnar 
nerve  lies  on  its  ulnar  side.     The  artery  rests  upon 
the  flexor  profundus  digitorum.    The  lower  two-thirds 
of  the  artery  may  be  indicated  on  the  surface  by  a  line 
drawn  from  the  internal  epicondyle  to  the  radial  side 
of  the  pisiform  bone.    It  gives  off  numerous  branches 
in  its  course,  the  most  important  being  the  common 
interosseous,  which  arises  in  the  lower  part  of  the  cubital 
fossa,  and  passes  backwards  until  at  the  upper  edge 
of  the  interosseous   membrane  it   divides  into  volar 
(anterior)  and  dorsal  (posterior)  interosseous  arteries. 
These  arteries  pass  downwards  respectively  in  front  of, 
and  behind,  the  interosseous  membrane. 

Ligation  o£  the  Ulnar  Artery  above  the  Origin  oi  the 
Common  Interosseous —This  operation  is  carried  out  in 
the  same  way  as  ligation  of  the  brachial  at  the  bend  of 
the  elbow. 

In  the  Middle  of  the  Forearm  (Fig.  25).— An  incision 
is  made  in  the  line  of  the  artery  or  a  little  to  the  radial 
side  of  this.  In  the  superficial  fascia  run  the  anterior 
ulnar  vein  and  the  anterior  division  of  the  internal 
cutaneous  nerve  of  the  forearm.  After  the  fascia  is 
divided  the  space  between  the  flexor  carpi  ulnaris  and 
the  flexor  sublimis  digitorum  is  looked  for  and  opened. 
The  finger  is  then  passed  deeply  to  the  radial  border  of 
the  flexor  carpi  ulnaris,  which  is  drawn  to  the  ulnar 
side,  when  the  ulnar  nerve  will  be  found  lying  on  the 
ulnar  side  of  the  artery. 
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FiQ.  25.— Ligation  of  Left  Ulnar  Artery  in  Middle  of  Forearm. 

In  the  Lower  Third.— An  incision  is  made  in  the  line  of 
the  arteiy,  and  the  deep  fascia  having  been  divided,  and 
the  flexor  carpi  ulnaris  drawn  to  the  ulnar  side,  a  special 
layer  of  fascia  extending  from  the  tendon  of  the  flexor 
cavpi  ulnaris  to  the  flexor  profundus  digitorum  is  divided 
and  the  artery  exposed.  The  ulnar  nerve  lies  to  its 
ulnar  side. 


CHAPTER  IV 


LIGATION  OF  THE  ARTERIES  OF 
THE  ABDOMEN  AND  LOWER  EXTREMITY 

Abdominal  Aorta.  Common  Iliac.  Internal  Iliac  (Hypo- 
gastric). Gluteal  (Superior  Gluteal)  and  Sciatic 
(Inferior  Gluteal).  External  Iliac.  Femoral  :  At  Base 
of  Scarpa's  Triangle;  At  Apex  of  Scarpa's  Triangle— In 
Hunter's  Canal.  Popliteal:  From  Inner  Aspect— From 
Posterior  Aspect.  Anterior  Tibial:  In  Upper  Third— In 
Middle  Third— In  Lower  Third.  Dorsalis  Pedis.  Posterior 
Tibial. 

Ligation  of  the  Abdominal  Aorta  (Fig.  26). — The 
abdominal  aorta,  with  the  inferior  vena  cava  to  its  right 
side  lies  behind  the  peritoneum,  in  contact  with  the 
upper  four  lumbar  vertebrae.  At  the  level  of  the  lower 
border  of  the  fourth  lumbar  vertebra,  slightly  to  the 
left  of  the  middle  line,  it  bifurcates  into  the  right  and 
left  common  iliac  arteries.  The  point  of  bifurcation 
is  indicated  on  the  surface  of  the  abdomen  a  finger's 
breadth  below  and  to  the  left  of  the  umbilicus. 

The  lowest  visceral  branch  is  the  inferior  mesenteric, 
which  comes  off  about  an  inch  and  a  half  above  the 
bifurcation.  The  most  important  branches  given  oil 
from  the  lower  part  are  the  middle  sacral  and  four  pairs 
of  lumbar  arteries. 

The  indications  for  ligation  of  this  vessel  are  aneurysm 
of  the  common  iliac  artery  extending  up  to  the  bifurca- 
tion, and  aneurysm  of  the  abdominal  aorta  between  the 
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Aorta     Coils  of  small  intestine 


''if 

intestine    |  Peritoneum  inferior 
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Fio.  26._Ligat.ion  of  Abdominal  Aorta,  and  of  Right  Connnon  Iliac  Artery. 

oingin  Of  the  inferior  mesenteric  artery  and  the  bifurcntion. 
Hitherto  no  case  has  been  permanently  successful  in  the 
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human  subject,  although  a  patient  operated  upon  by 
Keen  lived  for  forty-eight  days  and  died  of  secondary 
haemorrhage. 

The  artery  is  reached  by  traversing  the  peritoneal 
cavity,  and  the  bowel  should  be  as  empty  as  possible. 
A  vertical  incision  is  made  about  one  inch  to  the  left 
of  the  middle  line,  with  its  centre  opposite  the  umbilicus. 
The  anterior  layer  of  the  sheath  of  the  rectus  is  divided, 
the  rectus  muscle  displaced  outwards,  and  the  posterior 
layer  of  the  sheath  and  the  peritoneum  divided  together.  • 
The  patient  is  then  placed  in  the  Trendelenburg  position, 
the  intestines  packed  off,  and  the  posterior  parietal 
peritoneum  incised  towards  the  left  side  of  the  vessel. 
The  sheath  is  cleared  off  the  artery,  care  bemg  taken  to 
separate  the  aortic  plexus  of  the  sympathetic,  so  that 
it  shall  not  be  included  in  the  ligature.    Four  broad 
ligatures  of   kangaroo  tendon  are  carried  rouad  the 
vessel  and  tied  in  the  form  of  a  double  stay-knot  so  as 
to  occlude  the  lumen  without  rupturing  any  of  the  coats. 

The  opening  in  the  peritoneum  is  then  sutured,  the 
abdomen  closed  in  layers,  and  the  patient  returned  to 
bed  with  the  limbs  elevated  and  wrapped  in  cotton  wool. 

Collateral  Circulation.— When  the  ligature  is  placed 
below  the  inferior  mesenteric,  the  collateral  circulation 
is  established  by  an  anastomosis  between  the  inferior 
mesenteric  above  and  the  internal  pudic  (pudendal)  below  ; 
the  lumbar  arteries  above  and  the  branches  of  the  internal 
iliac  (hypogastric)  below;  and  the  internal  mammary 
above  and  the  deep  (inferior)  epigastric  below.  Keen's 
patient  survived  the  operation  long  enough  to  show  that 
an  efficient  collateral  circulation  can  be  established. 
The  extra-peritoneal  route  has  been  abandoned. 
Ligation  of  the  Common  Iliac  Artery  (Fig.  26). 

 The  common  iliac  arteries  arise  at  the  bifurcation  of 

the  aorta  a  finger's  breadth  below  and  to  the  left  of  the 
umbilicus,  at  the  level  of  a  horizontal  hue  jommg  the 
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highest  points  of  the  iliac  crests.  A  line  drawn  with 
a  gentle  curve  outwards  from  this  point  to  a  point  mid- 
way between  the  anterior  superior  spine  and  the  pubic 
symphysis  indicates  the  course  of  the  common  and  ex- 
ternal iliac  vessels;  the  upper  third  of  the  line  corre- 
sponding to  the  common,  and  the  lower  two-thirds  to 
the  external  iliac  artery. 

Each  artery  passes  downwards  and  outwards  across 
the  bodies  of  the  fourth  and  fifth  lumbar  vertebra?  on  the 
psoas  muscle,  and  terminates  at  the  level  of  the  lumbo- 
sacral articulation  in  front  of  the  corresponding  sacro- 
iliac joint  by  dividing  into  the  internal  (hypogastric)  and 
external  iliac  arteries.  Near  the  bifurcation  the  ureter 
crosses  in  front  of  the  artery.  Behind  the  right  artery 
the  two  common  iliac  veins  join  to  form  the  inferior 
vena  cava.  The  left  artery  is  crossed  by  the  inferior 
mesenteric  vessels. 

The  operation  may  be  performed  for  aneurysm  of 
the  external  iliac  not  suitable  for  Matas'  operation,  or 
as  a  preliminary  to  amputations  at  or  near  the  hip. 

The  artery  is  best  reached  by  the  trans-peritoneal 
route.  An  mcision  is  made  in  or  near  the  middle  line 
and,  after  the  abdomen  has  been  opened,  the  pelvis  is 
raised  mto  the  Trendelenburg  position  to  facilitate  the 
displacement  of  the  intestines.  There  is  sometimes 
difficulty  in  distinguishing  one  common  iliac  from  the 
other,  particularly  in  stout  patients.  We  have  found 
that,  by  tracing  the  abdominal  aorta  to  the  bifurcation 
and  then  noting  the  effect  on  the  femoral  pulse  of  com- 
pressing each  iliac  in  turn,  the  vessel  can  be  definitely 
located.  The  posterior  parietal  peritoneum  is  tlien  in- 
cised in  the  line  of  the  artery  sufficiently  freely  to  admit 
of  the  sheath  being  cleared.  On  the  right  side,  the 
passage  of  the  needle  is  rendered  difficult  by  the  presence 
ot  both  common  iliac  veins  behind  the  artery.  On  the 
left  side,  the  chief  difficulty  arises  from  the  inferior 


mesenteric  vessels  crossing  the  artery.  After  the 
vessel  has  been  secured,  the  opening  in  the  peritoneum 
is  sutured,  and  the  abdominal  wound  closed. 

The  operation  was  formerly  attended  with  considerable 
mortality,  but  under  aseptic  conditions  we  have  found  it 
an  eminently  satisfactory  one. 

Collateral  Gmlation.—Ahev  ligation  of  the  common 
iliac  an  anastomosis  is  established  between  (1)  the 
inferior  mesenteric  above  and  the  haemorrhoidal 
branches  of  the  internal  iliac  below;  (2)  the  uterine, 
ovarian,  and  vesical  arteries  of  the  two  sides;  (3)  the 
middle  sacral  branch  of  the  aorta  above  and  the  lateral 
sacral  branches  of  the  internal  iliac  below;  and  (4) 
the  internal  mammary,  lower  intercostals,  and  lumbar 
arteries    above    and    the    deep    (inferior)  epigastric 

below.  , 
Ligation  of  the  Internal  Iliac  (Hypogastric) 
Artery.— At  the  bifurcation  of  the  common  trunk,  the 
internal  iliac,  about  an  inch  and  a  half  in  length,  dips 
down  into  the  pelvis  to  terminate  at  the  upper  border 
of  the  greater  sciatic  notch.  The  correspondmg  ureter 
descends  along  the  anterior  aspect  of  the  artery,  the  vem 
lies  behind  the  artery,  and  still  farther  back  is  the  lumbo- 

sacral  cord.  . 

It  gives  off  numerous  branches  to  the  pelvic  viscera 
and  wall,  some  of  which  pass  to  the  buttock  (glutea 
and  sciatic),  to  the  thigh  (obturator),  and  to  the  external 
organs  of  generation  (internal  pudendal). 

The  principal  indication  for  this  operation  is  a  gluteal 
aneurysm  which  cannot  safely  be  dealt  with  by  the  old 
operation  of  opening  the  sac  and  securing  the  open  ends 
of  the  vessel.  Hartmann  and  Qu6nu  recommended  it  as 
a  preliminary  operation  to  excision  of  the  rectum  by  he 
combined  perineo-abdominal  route.  Annandale  performed 
the  operation  for  gluteal  hemorrhage. 

The  operation  is  carried  out  by  the  trans-pentoneal 


GLUTEAL  ARTERIES 


53 


route  on  lines  similar  to  those  for  ligation  of  the  external 
iliac  (p.  54). 

Collateml  Circulation. — The  collateral  circulation  is 
established  by  an  anastomosis  between  (1)  the  gluteal  and 
sciatic  above  with  the  deep  circumflex  iliac  and  branches 
of  the  profunda  femoris  below ;  (2)  the  branches  of  the 
obturator  and  pudic  arteries  of  the  two  sides ;  (3)  middle 
sacral  above  and  lateral  sacral  below  ;  and  (4)  the  inferior 
mesenteric  above  with  the  hemorrhoidal  arteries  below. 

Ligation  of  the  Gluteal  (Superior  Gluteal)  Artery.— 
The  gluteal  artery,  the  continuation  of  the  posterior 
division  of  the  internal  iliac  (hypogastric),  leaves 
the  pelvis  through  the  upper  part  of  the  greater 
sciatic  foramen,  and  after  passing  through  the  space 
between  the  gluteus  medius  and  the  pyriformis,  breaks 
up  into  its  branches  under  cover  of  the  gluteus  maximus. 
If  a  line  is  drawn  from  the  posterior  superior  iliac  spine 
to  the  upper  border  of  the  great  trochanter,  the  point 
of  emergence  of  the  artery  lies  opposite  the  junction  of 
the  upper  and  middle  thirds  of  this  line. 

To  expose  the  vessel,  an  incision  is  made  wiUi  its 
centre  over  the  point  of  emergence.  The  skin  and  fascia 
are  divided,  and  the  fibres  of  the  gluteus  maximus,  which 
run  parallel  with  the  incision,  are  separated.  The  fascia 
over  the  lower  border  of  the  gluteus  medius  is  divided 
and  the  muscle  drawn  upwards.  On  passing  the  finger 
between  the  gluteus  medius  and  the  pyriformis,  the  artery 
18  telt  leaving  the  greater  sciatic  foramen.  It  is  accom- 
panied on  Its  upper  and  lateral  aspect  by  the  superior 
gluteal  nerve. 

Ligation   of   the  Sciatic   (Inferior  Gluteal)  Artery. 

—ihe  sciatic  artery,  a  branch  of  the  anterior  division 
ot  the  internal  iliac,  leaves  the  pelvis  through  the 
ower  part  of  the  great  sciatic  foramen,  and  enters  the 
i^uttock  below  the  pyriformis.  It  passes  downwards 
l-'ehmd  and   to  the  inner  side  of    the  sciatic  nerve 
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under  cover  of  the  gluteus  niaximus.  The  incisiou  to 
expose  the  artery  is  made  over  the  middle  two-fourths 
of  a  line  from  the  posterior  inferior  iliac  spine  to  the 
ischial  tuberosity.  The  skin  and  fascia  are  divided,  the 
fibres  of  the  gluteus  maximus  split,  the  lower  border 
of  the  pyriformis  defined,  and  the  artery  exposed. 

Ligation  of  the  External  Iliac  Artery. — This 
operation  is  performed  for  femoral  aneurysm  situated  too 
high  to  admit  of  ligation  of  the  common  femoral  itself, 
or  for  hjemorrhage  in  the  distribution  of  the  femoral. 
The  course  of  the  artery  is  indicated  by  the  lower  two- 
thirds  of  a  line  curving  gently  outwards  from  a  point 
a  finger's  breadth  below  and  to  the  left  of  the  umbilicus 
to  a  point  midway  between  the  anterior  superior  ihac 
spine  and  the  symphysis  pubis. 

The  Trans-peritoneal  Operation  is  to  be  preferred  m 
the  majority  of  cases.    An  incision  is  made  along  the 
lateral  border  of  the  sheath  of  the  rectus  muscle.  The 
integument  having  been  divided,  the  anterior  layer  of 
the  sheath  of  the  rectus  is  incised  and  the  muscle  pidled 
towards  the  middle  line.    The  transversalis  fascia  and 
the    peritoneum    are  then   divided.     The   patient  is 
placed  in  the  Trendelenburg  position  and  the  mtestmes 
packed  off.    On  the  right  side,  the  posterior  parietal 
peritoneum  is  incised  vertically  directly  over  the  artery, 
which  is  accompanied  on  its  mesial  side  by  the  vem. 
In  passing  the  ligature  from  within  outwards,  care  must 
be  taken  not  to  include  the  ureter,  which  crosses  the 
artery  near  its  origin.    After  the  artery  has  been  ligated, 
the  opening  in   the   peritoneum  is  sutured   and  the 

abdomen  closed. 

On  the  left  side,  the  mesocolon  overlies  the  artei}, 
and  the  parietal  peritoneum  has  to  be  split  vertica  y 
the  middle  hue  and  stripped  outwards  sufticiently 


near 


to  expose  the  vessel. 

When  the  ligature  is  to  be  applied  to  the  lower  end 
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of  the  vessel  an  extra-peritoneal  operation  may  be  done 
(Fig.  27).  An  incision  is  made  a  finger's  breadth 
above  and  parallel  with  the  outer  part  of  Poupart's 

Deep  circumfiex  iliac  artery 
Lymph  glauds    |     External  iliac  in  sheath 


Interual^oblique 


Aponeurosis  of  external  oblique 


Lower  cut  edge  of  i      Deep  epigastric  with  obturator  branch 

external  oblique       Poupart's  ligament 

Fig.  27.— Ligation  of  Left  External  Iliac  Artery  ;  Extra-peritoneal 

Operation. 

ligament,  dividing  the  skin,  the  superficial  fascia,  and 
the  superficial  epigastric  vessels.  The  aponeurosis  of 
the  external  oblique,  the  internal  oblique,  and  the  traus- 
versus  abdominis  muscles  having  been  divided  immedi- 


ately  above  Poupart's  ligament,  and  the  transversalis 
fascia  a  little  external  to  the  line  of  the  vessel,  the 
artery  is  exposed  lying  among  some  fatty  tissue  and 
lymph  glands.  The  femoral  branch  of  the  genito-femoral 
nerve  lies  in  front  of  the  artery.  The  vein  is  to  its 
mesial  side,  and  the  fascia  covering  the  psoas  to  its 
lateral  side.  The  anterior  crural  (femoral)  nerve  lies 
about  three-quarters  of  an  inch  farther  out,  in  the 
groove  between  the  iliacus  and  the  psoas  magnus 
muscles. 

Collateral  Circulation. — A  very  efficient  collateral 
circulation  is  established  by  an  anastomosis  between 
the  ilio-lumbar  branch  of  the  internal  iliac  above  and 
the  deep  circumflex  iliac  below ;  the  gluteal,  sciatic,  and 
obturator  above  and  the  circumflex  and  perforating 
branches  of  the  profunda  below ;  (3)  the  internal  pudic 
above  and  the  deep  external  pudic  below ;  and  (4)  the 
internal  mammary,  intercostals,  and  lumbar  arteries 
above  and  the  deep  (inferior)  epigastric  below. 

Ligation  of  the  Femoeal  Artery. — The  femoral 
artery  begins  where  the  external  iliac  ends,  at  a  point 
midway  between  the  anterior  superior  iliac  spine  and 
the  symphysis  pubis,  and  enters  Scarpa's  triangle. 
About  an  inch  and  a  half  from  its  origin  it  gives  off 
the  profunda  branch,  and  continues  onwards  as  far  as 
the  opening  in  the  adductor  magnus,  through  which  it 
passes  to  become  the  popliteal.  The  trunk  may  be 
ligated  at  the  base  of  Scarpa's  triangle,  and  the 
superficial  division  either  at  the  apex  of  the  triangle  or 
in  Hunter's  canal. 

With  the  thigh  slightly  flexed,  abducted,  and  rotated 
out,  the  course  of  the  artery  is  indicated  by  the  upper 
two-thirds  of  a  line  drawn  from  a  point  midway  between 
the  anterior  superior  iliac  spine  and  the  symphysis  pubis 
to  the  adductor  tubercle. 

To  expose   the  Femoral   Artery  at    the    Base  of 
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Scarpa's  Triangle,  au  incision  with  its  centre  over  the 
artery  is  made  a  finger's  breadth  below  and  parallel 
with  Poupart's  ligament.    The  fascia  lata  is  then  incised 

Lympli  glauds 


.  Femoral  sheath       \   Femoral  vehi 
Fenioral  artery 

fiG.  28.— Ligalioii  of  Riglit  Common  Femoral  at  Base  of 
Scarpa's  Triangle. 


in  the  same  direction  as  the  skin,  and  the  sheath  of  the 
artery  exposed.  In  this  part  of  its  course  it  gives  off 
the  superficial  epigastric,  superficial  external  pudic, 
and  superficial  circumflex  iliac,  and  deep  external 
pudendal  branches.    The  femoral  branch  of  the  genito- 


femoral  nerve  lies  to  the  lateral  side  of  the  sheath,  and 
the  femoral  vein  lies  to  the  mesial  side  of  the  artery 
in  a  separate  compartment  of  the  sheath.  To  the 
lateral  aspect  and  behind  lies  the  ilio-psoas  covered  by 
its  fascia.  The  trunk  of  the  anterior  crural  (femoral) 
nerve  is  about  half  an  inch  lateral  to  the  artery. 

The  needle  is  passed  from  within  outwards,  that  is 
from  the  side  on  which  the  vein  lies.  In  the  cadaver, 
care  must  be  taken  not  to  mistake  an  enlarged  lymph 
gland  for  the  artery. 

Collateral  Circulation. — The  collateral  circulation  is 
much  less  satisfactory  than  after  ligation  of  the  external 
iliac. 

To   expose   the  Femoral   Artery  at   the  Apex  o£ 

Scarpa's  Triangle,  an  incision  is  made  in  the  line  of  the 
artery,  dividing  the  skin  and  fascia  lata.    The  internal 
saphenous    vein    lies    on    the    fascia    to    the  mesial 
side  of  the  incision,  and  the  internal  cutaneous  nerve, 
often  accompanied  by  a  tributary  of  the  saphenous  vem, 
crosses  the  artery  at  this  level.    The  mesial  edge  of 
the  sartorius  having  been  defined,  the  muscle  is  pulled 
outwards  and  the  sheath  of  the  artery  exposed.  The 
femoral  vein  is  found  passing  from  the  mesial  side  to  lie 
behind  the  artery,  and  the  long  saphenous  nerve  is  to 
the  outer  side.     The  other  branches  of  the  anterior 
crural  (femoral)  nerve  are  under  cover  of  the  sartorius. 
The  needle  is  passed  from  within  outwards. 
Collateral  Circulation.  —  As  the  ligature   is  placed 
below  the  origin  of  the  profunda  femoris,  the  numerous 
branches  of  this  vessel  take  part  in  establishing  an 
efficient  collateral  circulation.      An  anastomosis  takes 
place  between  the  external  circumflex  above  and  the 
lower  muscular  and  anastomotic  branches  of  the  femoral, 
the  superior  articular  branches  of  the  popliteal,  and 
the  anterior  tibial  recurrent  below ;  the  perforating  and 
terminal    branches  of   the   profunda    above  and  the 
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muscular  branches  of  the  femoral,  and  the  muscular  and 
superior  articular  branches  of  the  popliteal  below. 

To  expose  the  Femoral  Artery  in  Hunter's  Canal,  an 

Vastus  internus 

Sartorius     '         Fascia  over  femoral  vessels 
I  I  . 

I  '    I 


Long  saphenous  nerve 

Fig.  29.— Ligation  of  Loft  Femoral  in  Hunter's  Canal. 


incision  is  made  in  the  line  of  the  artery  (Fig.  29). 
The  large  saphenous  vein  usually  comes  into  view  and 
should  be  retracted  inwards.  The  outer  edee  of  the 
sartonus,  which  is  recognised  by  the  longitudinal 
direction  of  its  fibres,  is  drawn  inwards,  and  the 
aponeurosis  extending  from  the  vastus  internus  to  the 


(jU     AliiJUMi^:iN   AINU  J_.UW±:Ji  iiATKJ^Ml  l  Y 


adductor  muscles  aud  forming  the  roof  of  the  canal 
is  divided  in  the  long  axis  of  the  wound.  The  sheath 
of  the  artery  then  comes  into  view  and  is  opened,  care 
being  taken  to  avoid  the  long  saphenous  nerve,  which 
crosses  the  artery  from  without  inwards.  The  vein  lies 
to  the  outer  side  of  the  artery.  The  needle  must 
be  kept  in  close  contact  with  the  artery,  and  may  be 
passed  from  whichever  side  is  more  convenient. 

The  Collateral  Circulation  is  established  in  the  same 
way  as  after  ligation  at  the  apex  of  Scarpa's  triangle. 

Ligation  of  the  Popliteal  Artery. — The  popliteal 
artery  extends  from  the  opening  in  the  adductor  magnus 
to  the  lower  border  of  the  popliteus  muscle,  which  is  on 
the  same  level  as  the  neck  of  the  fibula  and  the  lower 
part  of  the  tuberosity  of  the  tibia.  In  its  lower  half 
its  course  is  indicated  by  a  line  drawn  down  the  middle 
of  the  popliteal  space.  The  vessel  is  deeply  placed, 
lying  in  contact  with  the  trigone  of  the  femur  and  the 
popliteus  muscle.  It  is  best  tied  either  at  its  com- 
mencement or  near  its  termination,  the  middle  portion 
being  so  deeply  placed  that  access  to  it  is  difficult. 
The  upper  part  is  most  easily  reached  from  the  inner 
aspect  of  the  thigh,  the  lower  part  from  the  posterior 
aspect. 

Ligation  o£  First  Part  of  the  PopUteal  Artery,  from 
the  Inner  Aspect  (Fig.  30).— With  the  knee  flexed  and 
abducted,  an  incision  is  made  parallel  with  and  a  little 
behind  the  round  tendon  of  the  adductor  magnus,  from 
the  junction  of  the  middle  with  the  lower  third  of  the 
thigh  to  the  adductor  tubercle,  care  being  taken  to  avoid 
the  saphenous  vein  which  lies  in  the  line  of  the  incision. 
The  deep  fascia  is  divided,  the  anterior  border  of  the 
sartorius  defined  and  drawn  backwards,  tlie  round  tendon 
of  the  adductor  magnus  cleared,  aud  the  dissection  carried 
between  it  and  the  sartorius.  The  artery  lies  embedded 
in  fat  against  the  femur.    The  vein  lies  behind  the  artery 
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slightly  to  its  outer  side; and  the  internal  popliteal  (tibial) 
nerve  posterior  to  that  again. 

Ligation  of  Lower  Part  of  Popliteal  Artery,  from  the 


Adductor  maguus  leudou 

\ 
\ 

1 


Saphenous  nerve 


Popliteal  a,rtei-y 


Sartorius  muscle 


Fig.  30.— Ligation  of  First  Part  of  Kiglit 
Popliteal,  from  inner  aspect. 

Posterior  Aspect  (Fig.  3 1).-A  vertical  incision  is  made  in 
the  middle  line  of  the  popliteal  space,  beginning  opposite 
the  level  of  the  knee-joint.  The  external  (small)  saphenous 
vem  and  the  peroneal  anastomotic  nerve  are  exposed  at  the 
lower  part  of  the  wound  and  hooked  aside.    After  the 


deep  fascia  has  been  divided  and  the  fatty  tissue  between 
the  two  heads  of  the  gastrocnemius  dissected  away,  the 
internal  popliteal  (tibial)  nerve  is  exposed  and  hooked 
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Fig.  31.— Ligation  of  Lower  Part  of  Right  Popliteal,  from 
posterior  aspect. 

aside.  The  popliteal  vein  then  conies  into  view.  It  is 
firmly  bound  down  to  the  subjacent  artery  by  a  fibrous 
sheath,  which  must  be  divided  before  the  artery  can  be 
exposed  lying  in  the  dense  fat  covering  the  popliteus 
muscle. 
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The  needle  is  passed  from  the  side  to  which  the  vein 
has  been  retracted. 

Collateral  Circulation. — The  vessels  entering  into  the 
collateral  anastomosis,  which  is  a  very  feeble  one,  are  the 
external  circumflex  and  anastomotic  (arteria  genvi  sup- 
rema)  branches  of  the  femoral  and  the  superior  articular 
branches  of  the  knee  from  the  popliteal  above,  with  the 
inferior  articular  and  anterior  and  posterior  tibial  recur- 
rent branches  below. 

Ligation  of  the  Anterior  Tibial  Artery. — The 
course  of  the  anterior  tibial  is  indicated  by  a  line  drawn 
from  a  point  midway  between  the  outer  tuberosity  of 
the  tibia  and  the  head  of  the  fibula,  to  a  point  in  front 
of  the  ankle  midway  between  the  two  malleoli.  The 
vessel  may  be  exposed  in  any  part  of  its  course  by  an 
incision  in  this  line. 

Ligation  of  the  Anterior  Tibial  Artery  in  the  Upper 
Third  of  the  Leg  (Fig.  32).— An  incision  having  been 
made  in  the  line  of  the  artery  exposing  the  deep  fascia, 
search  is  made  for  the  septum  between  the  tibialis  anticus 
and  the  flexor  digitorum  longus.  The  main  difficulty  in 
the  operation  is  to  recognise  this  septum,  and  as  there  is 
no  indication  of  it  on  the  surface  of  the  deep  fascia,  it  can 
best  be  found  by  incising  the  fascia  in  the  exact  line  of 
the  artery,  and  "  by  passing  the  finger  along  the  muscles 
lengthwise,  when  it  is  appreciated  as  the  line  of  least 
resistance "  (Treves).  Care  must  be  taken  not  to  enter 
the  interspace  between  the  extensor  digitorum  longus 
and  the  peroneus  longus,  which  is  indicated  by  a  white 
line  often  marked  by  a  deposit  of  fat  and  tlie  emergence 
of  small  blood  vessels. 

After  the  muscles  have  been  separated  and  held  aside, 
the  outer  edge  of  the  tibia  is  felt  for,  and  the  artery! 
accompanied  on  its  outer  side  by  the  anterior  tibial 
(deep  peroneal)  nerve,  is  found  lying  on  the  interosseous 
membrane.    It  is  so  intimately  associated  witli  the  veme 


comites  and  cross  branches  that  these  have  usually  to  be 
included  in  the  ligature,  which  is  passed  from  without 
inwards. 

In  the  Middle  Third  o£  the  Leg,  the  space  between  the 
tibialis  anticus  and  the   extensor  digitorum  longus  is 
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Fir.  32.— Ligation  of  Left  Anterior  Tibial  iu  the  Upper  Third. 

opened  up,  and  after  these  muscles  have  been  separated, 
the  extensor  hallucis  longus  is  exposed,  with  the  artery 
to  its  inner  side.  At  this  level  the  artery  lies  under 
cover  of  the  fibres  of  the  tibialis  anticus,  and  the  nerve 
is  on  its  outer  side. 

In  the  Lower  Third  the  incision  is  made  between  the 
outer  edge  of  the  tendon  of  the  tibialis  anticus  and  the 
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tendou  of  the  extensor  hallucis  lougus.  After  the  deep 
fascia  has  been  divided  and  the  extensor  hallucis  longus 


Fig.  33.-Ligation  of  Left  Anterior  Tibial  in  tlic  Lower  Tliird. 

retracted  outwards,  the  artery  is  exposed  with  the  nerve 
to  its  outer  side  (Fig.  33). 

Ligation   of   the   Doksaijs   Pedis  Aetery.  The 

dorsalis  pedis— the  direct  continuation  of  the  anterior 
tibial— runs  in  a  line  from  the  middle  of  the  front  of 
the  ankle  to  the  proximal  end  of  the  first  interosseous 
VOL.  nr. — 5 


space,  where,  after  sending  on  the  dorsalis  hallucis  artery, 
it  passes  to  the  sole  of  the  foot  and  completes  the 


Fig.  34.— Ligation  of  Left  Dorsalis  Pedis. 

plantar  arch.  The  guide  to  the  artery  is  the  tendon  of 
the  extensor  hallucis  longus,  which  lies  to  its  inner  side. 
The  anterior  tibial  nerve  is  on  the  outer  side  of  the 
artery  (Fig.  34). 
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Ligation  of  the  Posterior  Tibial  Artery.  The 

course  of  the  artery  is  iudicated  on  the  surface  by  a 
line  drawn  from  tlie  point  at  whicli  the  popliteal  ends 
in  the  middle  of  the  back  of  the  ham,  to  the  middle  of 
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J^iG.  35.— Ligation  of  flight  Posterior  Tibial  in  Upper 
Third  of  Leg. 

the  hollow  behind  the  inner  malleolus.  Near  its  orio-in 
the  vessel  may  be  reached  by  the  direct  route,  but  at  a 
lower  level,  as  it  lies  under  the  thick  muscles  of  the  calf, 
It  IS  best  reached  from  the  inner  aspect  of  the  leg. 

Ligation  of  the  Upper  Part  of  Posterior  Tibial  Artery 
by  the  Direct  Route.-To  expose  the  artery  above  the 
origm  of  Its  peroneal  branch,  an  incision  is  made  in  the 


middle  line  of  the  calf,  beginning  opposite  the  level  of  the 
head  of  the  fibula.    The  external  (small)  saphenous  vein 
and  the  medial  cutaneous  nerve  of  the  calf  are  avoided  and 
hooked  outwards.    The  raphe  between  the  two  heads  of 
the  gastrocnemius  is  divided,  care  being  taken  to  avoid 
the  vessels  and  nerve  entering  the  two  portions  of  the 
muscle.    On  retracting  the  outer  head  of  the  gastroc- 
nemius the  tendon  of  the  plantaris  and  the  upper  border 
of  the  soleus  are  exposed.      The  plantaris  is  hooked 
aside  and  the  upper  fibres  of  the  soleus  divided  sufficiently 
to  expose  the  artery  lymg  upon  the  tibialis  posticus  muscle, 
accompanied  by  vente  coniites,  and  with  the  posterior 
tibial  nerve  to  its  inner  side.    The  needle  is  passed  from 
without  inwards.    This  route  has  the  advantage  that  it 
affords  access  both  to  the  main  trunk  of  the  posterior 
tibial  and  to  its  peroneal  branch,  and  if  it  is  found 
necessary,  the  incision  can  be  extended  upwards  to  admit 
of  the  popliteal  being  secured  (John  Chiene). 

Ligation  o£  the  Posterior  Tibial  Artery  in  the  Upper 
Third  oi  the  Leg  by  the  Indirect  Route  (Fig.  35).— An 
incision  is  made  a  finger's  breadth  behind  the  inner  border 
of  the  tibia,  care  being  taken  to  avoid  the  mternal 
saphenous  vein  and  the  saphenous  nerve,  which  lie  in  the 
line  of  the  incision.    After  the  integument  and  deep  fascia 
are  divided  the  inner  border  of  the  gastrocnemius  is  ex- 
posed and  retracted.    The  oblique  fibres  of  the  soleus 
takincr  their  origin  from  the  tibia,  are  then  brought  mto 
view  "and  divided,  the  edge  of  the  knife  being  directed  to- 
wards the  tibia.    The  dense  layer  of  fascia  which  passes 
from  the  posterior  surface  of  the  tibia  and  separates  the 
superficial  from  the  deep  layer  of  calf  muscles,  is  then  in- 
cised in  the  long  axis  of  the  limb,  and  the  flexor  digitorum 
lon<ms  is  thus  brought  into  view.    The  dissection  is  now 
carried  between  this  muscle  and  the  fascia  covering  it 
and  the  artery  accompanied  by  vente  comites  is  reached 
lying  on  the  tibialis  posticus,  about  an  inch  and  a  quarter 
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beyond  the  inner  border  of  the  tibia,  and  having  the 
posterior  tibial  nerve  to  its  outer  side.  The  needle  is 
passed  from  without  inwards  to  avoid  the  nerve.  This 
operation  is  a  difficult  one  and  requires  a  good  light. 
Each  structure  as  it  is  divided  must  be  well  retracted,  and 
in  usiBg  the  retractors  in  the  deeper  part  of  the  wound 
care  must  be  taken  not  to  pull  some  of  the  fibres  of  the 
fiexor  digitorum  longus  over  the  artery.    If  this  happens, 
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Fig.  36.— Ligation  of  Right  Posterior  Tibial  behind  Inner  Ankle. 

the  dissection  will  be  carried  past  the  artery  on  to  the 
interosseous  membrane. 

Ligation  of  Posterior  Tibial  Artery  in  the  Lower  Third. 

— An  incision  is  made  througli  the  skin  and  deep  fascia 
about  a  finger's  breadth  behind  the  inner  edge  of  the 
tibia,  in  the  groove  between  the  flexor  digitorum  longus 
and  the  inner  border  of  the  soleus,  care  being  taken  to 
avoid  the  internal  saphenous  vein  and  the  saplienous 
nerve.  On  clearing  the  inner  edge  of  tlie  soleus  and 
pulling  it  backwards,  the  tendon  of  origin  of  the  flexor 
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cligitorum  longus  is  exposed  lying  upon  the  tibia.  The 
thin  fascia  covering  the  deep  flexors  is  then  divided,  and 
the  artery  accompanied  by  venne  comites  and  with  the 
posterior  tibial  nerve  to  its  outer  side  is  exposed.  The 
needle  is  passed  from  without  inwards. 

Ligation  o£  Posterior  Tibial  Artery  behind  the  Internal 
Malleolus  (Fig.  3  6). — An  incision  is  made  a  finger's  breadth 
behind  the  posterior  border  of  the  internal  malleolus. 
After  the  strong  deep  fascia  is  divided  the  tendons  of 
the  tibialis  posticus  and  flexor  digitorum  longus  can  be 
felt  lying  belund  the  internal  malleolus.  The  artery,  with 
its  venffi  comites,  lies  to  the  posterior  edge  of  the  flexor 
digitorum  longus,  and  behind  the  artery  are  the  posterior 
tibial  nerve  and  the  flexor  hallucis  longus  tendon.  The 
needle  is  passed  from  without  inwards  to  avoid  the 
nerve. 


CHAPTER  V 


OPERATIONS  ON  VEINS 

Varicose  Veins  :  Trendelenburg's  oijeratiou— Resection— Mitchell's 
Operation  ;  Babcock's  Operation  ;  Mayo's  Operation.  Vene- 
section AT  Bend  of  Elbow.  Intravenous  Injection  of 
Saline  Solution.  Direct  Transfusion.  Lymphangio- 
plasty. 

OPERATIVE  TEEATMENT  OE  VARICOSE  VEINS 
OF  THE  LOWER  EXTREMITY 

The  superficial  veins  of  the  lower  extremity  are 
arranged  in  two  systems:  the  large  or  internal  saphenous, 
and  the  small  or  external  saphenous. 

The  internal  saphenous  vein  is  formed  opposite  the  base 
of  the  first  metatarsal  by  tributaries  which  drain  tlie 
dorsum  and  inner  side  of  the  foot.  After  passing  in 
front  of  the  internal  malleolus  it  runs  upwards 
immediately  behind  the  inner  border  of  the  tibia  to 
the  knee.  It  then  turns  slightly  backwards,  and  runs 
just  behind  the  internal  condyle  of  the  femur,  and 
along  the  inner  aspect  of  the  thigh  to  the  saphen- 
ous opening,  where  it  enters  the  femoral  vein.  In 
the  thigh  it  collects  all  the  blood  carried  in  the  super- 
ficial veins.  In  the  foot  and  leg  it  is  accompanied 
by  the  long  saphenous  nevve,  and  iu  the  tliigh  by 
branches  of  the  internal  cutaneous  nerve. 

The  external  saphenous  vein  is  formed  on  the  outer 
aspect  of  the  foot,  and  passes  behind  the  external 
nmllcolus,  along  the  outer  border  of  the  tendo  Achillis, 
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thence  up  the  middle  of  the  calf  to  the  lower  part 
of  the  popliteal  space,  where  it  pierces  the  deep  fascia 
and  enters  the  popliteal  vein.  In  the  lower  half  of 
the  calf  it  is  accompanied  by  the  external  saphenous 
nerve. 

In  the  leg,  the  saphenous  veins  communicate  freely 
with  one  another  through  their  tributaries,  and  in  the 
lower  part  of  the  thigh  a  branch  of  considerable  size 
frequently  passes  between  the  two  systems.  Through- 
out their  respective  courses  both  veins  communicate 
also  through  the  deep  fascia  with  the  deep  inter- 
muscular veins. 

Operations.- — The  objects  aimed  at  in  the  operation 
for  varicose  veins  are:  (1)  to  break  the  column  of 
blood  in  the  defective  veins  and  so  prevent  back- 
ward pressure  on  the  superficial  tributaries ;  (2)  to 
obliterate  or  remove  the  imperfect  venous  trunks, 
and  so  (3)  to  force  the  blood  to  return  by  the  deep 
inter-muscular  veins  and  the  vente  comites  of  the 
arteries. 

Various  methods  are  available  to  effect  these  objects, 
according  to  the  extent  of  the  varix,  the  disposition 
of  the  affected  veins,  and  the  condition  of  the  vessel 
walls.  It  is  to  be  borne  in  mind  that  relapse  may 
occur  after  even  the  most  extensive  and  apparently  com- 
plete operation.  The  common  mistake  lies  in  regarding 
the  visible,  tortuous,  dilated  vein  as  the  trunk  of  the 
saphena  and  removing  it  only;  the  trunk  of  the  vein 
lies  deeper,  and  must  be  removed  to  ensure  the  per- 
manence of  the  cure. 

Trendelenburg's  Operation— This  operation,  which  con- 
sists in  excising  a  portion  of  the  internal  saphenous  vein 
near  the  saphenous  opening,  is  specially  applicable  to 
cases  in  which  the  saphenous  trunk  in  the  thigh  is 
alone  involved  in  the  varix.  An  incision  is  made 
obliquely  across  the  line  of  the  vein,  at  the  level  of 
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the  saphenous  opening  passing  downwards  and  inwards 
(Fig.  37).  The  vessel  is  exposed  about  an  inch  below 
the  opening,  and  after  being  cleared  a  segment,  two 
or  three  inches  in  length,  is  excised  between  licatures.- 


Superficial 
femoral__ 
glands' 


Internal  _ 
saphenous 
vein  and 
tributary 


Fig.  37.— Incision  to  Expose  Internal  Saphenous  Vein  close 
to  Saphenous  Opening. 

If,  as  is  frequently  the  case,  the  vessel  is  double  in 
the  upper  part  of  its  course,  a  portion  of  each  trunk 
must  be  resected. 

Resection  of  Varices.— When  the  varix  is  widespread, 
and  especially  if  njore  than  one  trunk  is  implicated, 
it  is  better  to  remove  several  portions  of  the  vein, 
each  about  two  or  three  inches  long,  at  intervals  along 


its  course.  This  method  is  to  be  selected  also  when 
the  vessels  are  highly  tortuous  and  arranged  in  clumps, 
and  when  the  vessel  walls  are  unduly  hard. 

It  is  well  to  define  the  portions  to  be  removed 
before  commencing  the  operation.  This  is  best  done 
by  applying  a  constricting  rubber  band  to  the  upper 
part  of  the  thigh  sufficiently  tightly  to  render  the 
superficial  veins  prominent,  and,  after  the  skin  has 
been  purified,  making  a  fine  scratch  with  a  needle-point 
along  the  course  of  the  selected  segments.  The  con- 
stricting band  is  then  removed,  and  the  limb  elevated 
for  a  few  seconds  to  empty  the  veins.  To  keep  the 
veins  empty,  the  limb  may  be  suspended  by  the  foot 
to  an  ordinary  leg-rest. 

In  the  upper  third  of  the  thigh,  as  the  internal 
saphena  is  sometimes  double,  it  is  best  to  make  oblique 
incisions  passing  downwards  and  inwards  across  its 
course ;  in  the  lower  part  of  the  thigh  and  in  the  leg, 
the  incisions  may  be  made  in  the  line  of  the  vessel. 

The  veins  are  cleared  by  blunt  dissection,  care  being 
taken  to  isolate  them  from  the  accompanying  cutaneous 
nerves,  and  ligated  above  and  below.  The  intervening 
portion  is  then  removed,  any  tributaries  entering  it 
being  seized  with  forceps  and  subsequently  tied.  The 
wounds  are  closed  with  horse-hair  sutures  without 
drainage. 

In  cases  in  which  there  is  no  thrombosis  and  the 
walls  of  the  veins  are  not  unduly  thickened,  we  have 
obtained  satisfactory  results  by  the  method  suggested 
by  A.  B.  Mitchell.  Through  a  transverse  incision 
made  just  below  the  saphenous  opening  the  internal 
saphenous  vein  is  exposed,  clamped  between  two  pairs 
of  forceps  and  divided.  The  upper  end  is  ligated,  and 
by  pulling  on  the  forceps  attached  to  the  distal  end 
the  line  of  the  vessel  beneath  the  skin  is  easily 
located.    A  second  incision  is  made  some  distance  below 
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the  first,  and  the  vein  is  again  picked  up,  clamped, 
and  cut  across.  By  pulling  alternately  on  the  upper 
and  lower  forceps  the  intervening  segment  of  vein  can 
be  avulsed,  and  the  tributaries  being  torn  do  not  bleed. 
The  process  is  repeated  at  intervals  along  the  course  of 
the  affected  veins,  until  the-  whole  length  of  the  vessel 
has  been  removed.  The  small  skin  incisions  are  then 
closed  with  sutures. 

Complete  resection  of  the  whole  length  of  the  varicose 
vein  and  its  tributaries,  as  recommended  by  Madelung, 
Terrier,  and  others,  we  consider  a  needlessly  severe  and 
tedious  procedure,  which  holds  out  no  better  prospect  of 
permanent  cure  than  simpler  methods. 

Sapheno-femoral  Anastomosis. — Delbet's  proposal  to 
establish  an  end-to-side  anastomosis  between  the  internal 
saphenous  and  femoral  veins  about  four  inches  below  the 
junction  of  these  vessels,  is  based  on  the  existence  of 
functional  valves  in  the  upper  part  of  the  femoral  vein. 
The  vessels  having  been  exposed  in  Scarpa's  triangle,  a 
considerable  length  of  the  saphenous  vein  is  loosened 
from  its  surroundings  to  ensure  that  there  will  be  no 
tension  on  it  after  the  anastomosis  is  made.  The  trib- 
utaries and  accessory  saphenous  veins  having  been 
ligated,  the  main  trunk  is  doubly  clamped,  its  upper  end 
ligated,  and  the  vessel  cut  across  obliquely.  The  femoral 
vein  is  then  isolated,  doubly  clamped,  and  an  opening 
made  between  the  clamps  into  which  the  lower  end  of 
the  saphenous  is  implanted  by  a  procedure  similar  to 
that  employed  in  end-to-side  anastomosis  of  intestine. 
The  upper  clamp  securing  the  femoral  vein  is  first 
removed,  then  the  lower,  and  finally  that  on  the  saphen- 
ous. The  sartorius  and  adductor  muscles  are  drawn  over 
the  junction  and  sutured  together.  Tlie  patient  is  kept 
in  bed  for  from  six  to  eiglit  weeks. 

Babcock's  Operation.— An  oblique  incision  is  made 
exposing  the  internal    saphenous  in   the  upper  part 


of  the  thigh,  the  proximal  end  of  the  vessel  is  tied,  and 
the  vein  cut  across.  Into  the  distal  end  a  steel  stylet 
about  26  inches  long  with  an  acorn  point  at  each  end 
(Fig.  38)  is  passed,  and  pushed  along  the  lumen  of 
the  vein  as  far  as  it  will  go.  A  second  incision  is  made 
over  the  bulb  where  it  is  arrested,  and  a  double  hgature 
is  passed  round  the  vein,  one  securing  the  proximal  end 
to  the  bulb,  the  other  occluding  the  distal  end.  The 
vessel  is  cut  across,  and  traction  is  now  made  on  the 
stylet  from  above,  so  that  the  vein  is  torn  out  of  its  bed 
and  from  its  tributaries  and  comes  away  attached  to  the 
instrument.  If  there  is  any  obstruction  to  the  passage 
of  the  stylet  from  above,  the  vein  may  be  exposed  lower 


<c   2.6  inckes   ^ 

Fig.  38.— Babcock's  Stylet. 

in  the  limb  and  the  instrument  passed  from  below  up- 
wards. In  cases  in  which  the  vessel  walls  are  not 
rendered  brittle  by  calcareous  deposits,  and  in  which 
there  is  not  excessive  tortuosity  or  sacculation,  we  have 
found  this  procedure  very  satisfactory. 

Mayo's  Operation.— C.  H.  Mayo  employs  instruments 
known  as  the  "vein-stripper  forceps,"  and  the  "  ring- 
enucleator "  which  consists  of  a  quarter-inch  steel  ring 
with  a  long  stem,  like  a  blunt  uterine  ring-curette  bent 
to  an  angle  near  its  tip. 

The  saphenous  vein  is  exposed  and  divided  in  the 
upper  third  of  the  thigh,  and  the  proximal  end  ligated. 
The  stripping  forceps  are  first  pushed  along  the  vein 
for  some  distance,  and  then  through  the  ring  of  the 
enucleator  the  distal  end  of  the  vein  is  threaded,  and  by 
a  gentle  pushing  movement  the  ring  is  forced  down  the 
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vessel  as  far  as  it  will  go,  tearing  off  the  lateral  branches 
in  its  progress.  A  small  incision  is  now  made  over  the 
ring,  and  through  this  the  isolated  segment  of  vein  is 
withdrawn.  This  manoeuvre  is  repeated  until  a  sufficient 
extent  of  the  vein  has  been  removed.  The  method  is 
not  suitable  when  the  veins  are  brittle,  when  there  are 
pouches  or  calcareous  deposits  in  their  walls,  or  when 
there  has  been  phlebitis  and  periphlebitis  binding  the 
coils  together. 

Venesection  or  Phlebotomy  at  the  Bend  of  the 
Elbow. — The  superficial  veins  at  the  bend  of  the  elbow 
are  those  most  frequently  selected  for  the  withdrawal 
of  blood  by  venesection.     A  bandage  is  applied  round 
the  upper  arm  sufficiently  tightly  to  compress  the  super- 
ficial veins  without  constricting  the  arteries.    The  vein 
selected,  preferably  the  median  basiHc,  is  steadied  by 
pressing  on  it  with  the  thumb  immediately  below  the 
point  at  which  it  is  to  be  opened.    With  a  narrow- 
bladed  knife  the  overlying  skin  and  the  vein  are  trans- 
fixed laterally,  and  a  valvular  opening  made  by  cutting 
outwards,  care  being  taken  that  the  opening  in  the 
vessel  is  exactly  opposite  that  in  the  skin,  °and  that 
the  skin  incision  is  larger  than  that  in  the  vein.  The 
thumb  having  been  removed,  the  blood  is  allowed  to 
flow  into  a  measuring-glass.    The  flow  may  be  increased 
if  the  patient  is  able  to  perform  grasping  movements,  so 
as  to  drive  the  blood  from  the  deeper  into  the  super- 
ficial veins.     When  the  desired   quantity  (8   to  20 
ounces)  has  been  withdrawn  the  constricting  bandage 
is   removed,  and  a  pad  of   gauze   applied   over  the 
puncture  and  fixed  in  position  with  a  figure-of-eight 
bandage.    This  pad  may  be  removed  in  two  or  three 
days,  but  the  patient  should  carry  his  arm  in  a  sling  for 
about  a  week. 

Intravenous  Infusion  of  Saline  Solution.— The 
fluid  introduced  is  normal  physiological  salt  solution — 


80  grains,  roughly  a  teaspoonful,  of  sodium  chloride 
dissolved  in  a  pint  of  boiled  distilled  water  at  a  tem- 
perature of  about  100°  F.  In  cases  in  which  the  blood 
pressure  is  markedly  lowered — for  example,  in  post- 
operative shock — 7  or  8  minims  of  adrenalin  (1  in  1000) 
may  be  added  to  the  solution. 

The  apparatus  consists  of  a  small  glass  or  metal 
nozzle  to  which  is  fixed  a  rubber  tube  from  4  to  6 
feet  in  length  about  the  size  of  a  No.  10  catheter,  with 
a  glass  funnel  attaclied.  It  is  an  advantage  to  have 
a  glass  connection  in  the  tubing,  so  that  air  bubbles  may 
be  seen  and  the  flow  stopped  before  the  air  reaches  the 
nozzle.  The  apparatus  is  filled  with  the  solution  before 
the  nozzle  is  introduced. 

The  median  basilic  vein  is  made  to  stand  out  by 
applying  a  constricting  band  round  the  upper  arm,  and 
about  an  inch  of  the  vessel  having  been  exposed  through 
an  incision  made  in  its  long  axis,  two  catgut  ligatures 
are  passed  round  it  with  an  aneurysm  needle,  and  the 
lower  ligature  tied  so  as  to  occlude  the  vessel.  A 
V-shaped  flap,  with  its  apex  downwards,  is  cut  in  the 
anterior  wall  of  the  vessel  by  means  of  scissors  curved 
on  the  flat,  or  by  transfixing  the  wall  with  a  short 
narrow-bladed  knife,  and  the  nozzle  introduced  and 
retained  in  position  by  tightening  up  the  higher  ligature 
with  a  double  or  treble  first  loop  of  a  surgeon's  knot. 
The  solution  is  allowed  to  flow  slowly  into  the  vein, 
care  being  taken  that  no  air  enters.    The  rate  of  flow 
is  regulated  by  raising  and  lowermg  the  funnel.  As 
a  working  rule,  it  may  be  said  that  it  should  take 
about  fifteen  minutes  to  introduce  a  pint  of  solution. 
When  the  desired  quantity — from  1  to  3  pints — has 
been  introduced  the  nozzle  is  withdrawn,  the  ligature 
being  at  the  same  moment  tightened  and  secured.  The 
skin  is  then  sutured  and  a  dressing  applied. 

Direct  Transfusion  of  Blood— Direct  transfusion  from 
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an  artery  of  the  donor  to  a  vein  of  tlie  recipient  may  be 
performed  by  means  of  a  curved  glass  tube  several 
inches  in  leugth,  and  furnished  at  each  end  with  a 
flange  to  prevent  slipping  when  in  position.  The  tube 
is  prepared  by  dipping  it  into  melted  paraffin,  the  excess 
of  which  is  got  rid  of  by  shaking. 

The  donor's  radial  artery  at  the  wrist  is  isolated 
for  a  distance  of  about  an  inch,  its  distal  end  being 
ligated  and  its  proximal  end  secured  in  a  light  clamp! 
The  median  basilic  vein  of  the  recipient  is  next  exposed 
and  ligated  at  its  distal  end.  The  donor's  artery  is 
then  cut  across  and  one  end  of  the  glass  tube  inserted 
and  secured  in  position  with  a  ligature.  A  valve- 
like opening  is  next  made  in  the  vein  of  the  recipient, 
and  the  other  end  of  the  glass  tube  inserted  into  it  and 
the  blood  allowed  to  flow  for  from  twenty  to  thirty 
minutes, 

LYMPHANGIOPLASTY. — Sampson  Handley,  in  1908, 
devised  a  means  of  diminishing  the  lymphatic  oedema 
which  frequently  results  from  blocking  of  the  lymphatics 
of  the  arm  in  cases  of  recurrent  cancer  of  the  breast, 
by  burying  in  the  subcutaneous  tissues  a  number  of 
strands  of  silk,  which  form  a  system  of  capillary 
drams  for  the  lymph.  The  plan  has  been  adapted  also 
to  the  persistent  wdema  which  sometimes  follows 
thrombosis  of  veins,  and  to  various  forms  of 
elephantiasis. 

_  The  procedure  is  carried  out  as  follows:  A  small 
incision  IS  made  into  the  subcutaneous  tissue  near  the 
distal  extremity  of  the  affected  limb,  and  a  long  probe  is 
pushec  point  first  up  the  limb  till  only  the  eye  projects 
from  the  wound.  The  point  of  the  probe  is  then  cut 
down  upon,  and  the  silk  thread,  which  is  as  long  as  the 
entire  limb,  is  threaded  into  the  eye  and  pulled  into  the 
track  of  the  probe.  The  probe  is  then  reintroduced  into 
the  upper  wound  and  pushed  fartlier  up,  and  this  is 


repeated  until  the  silk  is  carried  to  the  upper  limit  of 
the  indurated  area.  The  ends  of  the  silk  strands  are 
carried  well  beyond  the  oedematous  area  into  healthy 
tissue,  and  the  various  incisions  are  closed  with  horse-hair 
sutures. 
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OPERATIONS  ON  NERVES 

General  :  Nerve  Suture — Primarij ;  Secondary — Nerve  Bridging — 
Nerve  Implantation — Avulsion  of  Nerves.  Neurexeresis 

NERVE  SUTURE 

Primary  Suture. — The  operation  for  reunion  of  a  recently 
divided  nerve  is  spoken  of  as  "  primary  suture,"  and  is 
called  for  in  all  cases  in  which  a  nerve  trunk  has 
been  accidentally  cut  across,  either  in  the  course  of  an 
operation  or  otherwise.  Division  of  a  nerve  by  a  bullet, 
or  laceration  by  a  fractured  bone,  may  also  necessitate 
primary  suture. 

Eor  the  success  of  the  procedure  it  is  essential  that 
the  wound  be  aseptic,  that  complete  htemostasis  be 
secured,  that  the  ends  of  the  nerve  be  approximated 
without  tension,  and  that  the  nerve  be  handled  as  gently 
as  possible. 

As  the  suturing  of  the  ends  of  the  nerve  is  extremely 
painful,  an  antesthetic  is  required.  The  wound  must  be 
enlarged  in  the  loug  axis  of  the  affected  nerve,  as  the 
ends — especially  the  proximal  end — are  usually  retracted. 
The  ends  having  been  identified  are  brought  into 
contact,  and  secured  to  each  other  by  the  linest 
chromicised  catgut  carried  in  a  round  needle,  such  as  is 
used  for  the  Intestine.  If  the  ends  of  the  nerve  arc 
bruised  or  torn,  fresh  surfaces  should  be  obtained  by 
cutting  them  across  with  a  sharp  bistoury  rather  than 
with  scissors,  which  tend  to  crush  the  nerve  elements. 
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One  or  more  approximation  sutures  are  first  passed 
through  the  two  segments  of  the  nerve  about  half  an 
inch  beyond  the  cut  ends,  and  these  are  drawn  just  tight 
enough  to  obtain  accurate  apposition.  To  prevent 
lateral  displacement  of  the  ends,  a  series  of  coaptation 
stitches  is  passed  through  the  sheath  close  to  its  cut 
edges  (Fig.  39&).  To  prevent  the  ingrowth  of  fibrous 
tissue  and  adhesion  to  surrounding  structures,  the  sutured 
nerve  should  be  enclosed  in  chromicised  Cargile  mem- 
brane, a  decalcified  bone  tube,  or  the  sterilised  artery  of 
a  dog  or  calf.  The  artery  is  prepared  by  being  stretched 
on  a  glass  rod,  fixed  in  formalin,  and  then  boiled. 

A  small  glass  or  rubber  drainage  tube  should  be 
inserted  and  left  in  for  the  first  twenty-four  or  forty- 
eight  hours.  Precautions  must  be  taken  that  no  traction 
shall  be  put  upon  the  sutures  during  the  process  of 
repair,  and  this  is  best  ensured  by  fixing  the  limb  in 
the  flexed  position  by  means  of  a  splint  or  plaster  of 
Paris. 

If  a  nerve  is  only  partly  cut  across,  a  catgut  suture 
should  be  inserted  to  bring  the  nerve  fibres  together  and 
to  close  the  sheath  and  prevent  the  ingrowth  of  fibrous 
tissue. 

Secondary  Suture— When  the  attempt  to  reunite  a 
divided  nerve  is  delayed  until  after  the  original  wound 
has  healed  and  degeneration  has  taken  place  in  the 
peripheral  end,  the  operation  is  spoken  of  as  "  secondary 
suture." 

The  procedure  is  more  difficult  than  primary  suture,  as 
the  ends  of  the  nerve  have  usually  retracted  from  one 
another  to  a  variable  extent,  and  are  often  involved  in 
the  scar  tissue.  Further,  if  any  considerable  time  has 
elapsed  since  the  injury,  changes  will  have  taken  place 
in  the  nerve,  the  proximal  end  becoming  bulbous  from 
overgrowth  of  branching  axis  cylinders  and  young  fibrous 
tissue,  while  the  distal  end  is  degenerated  and  repre- 
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sented  by  a  fibrous  cord  (Fig.  39).  The  identification 
of  the  ends  of  the  uerve  is  facilitated  by  employing  a 
tourniquet,  but  this  should  be  removed  as  soon  as  the 
ends  have  been  isolated,  to  minimise  the  pressure 
effects  on  the  nerve  trunk  and  to  diminish  the  oozing 
which  follows  the  prolonged  use  of  a  constricting 
bandage. 

The  proximal  end  is  best 
secured  by  exposing  the  nerve 
a  short  distance  above  the  scar, 

and  tracing  it  down  till  the  bulb 

is  reached.  This  is  freed  from 
the  scar  tissue  in  which  it  is 

buried.     The  distal  end  is  then 

sought  for  and  similarly  freed. 

If  there  is  difficulty  in  finding  it 

among  the  scar  tissue,  a  fresh 

incision  may  be  made  a  little 

lower  down  and  the  nerve  traced 

upwards.    By  gently  stretching 

the  nerve,  accurate  apposition  of 

the  ends  without   tension  can 

usually  be  secured. 

The  two  segments  of  the  nerve 

having  been  isolated,  a  portion 

of  the  bulbous  enlargement  on 

the  proximal  end  and  the  fibrous 

upper  extremity  of  the  distal  end, 

are  cut  off  with  a  sharp  knife,  and  the  fresh  surfaces 
are  brouglit  into  apposition  and  sutured  in  the  same 
way  as  in  primary  suture  (Fig.  39).  To  relax  the 
nerve,  the  limb  must  be  fully  fiexed  and  fixed  in  a 
splint  until  union  has  taken  place. 

If  the  gap  left  after  resecting  the  ends  is  too  wide  to 
admit  of  approximation,  recourse  must  be  had  to  "nerve 
bridging  "  or  to  "  nerve  implantation." 


a  J) 
Fig.  39. — Secondary  Nerve 

Suture, 
o.  Line   of   scclion   of    ends ; 
h.   Relaxation    and  coaptation 
sutures  introduced. 


Nerve  Bridging —Various  methods  of  bridging  over  the 
gap  between  the  ends  of  the  nerve  are  employed. 

If  the  gap  does  not  exceed  an  inch  and  a  half  or  two 
inches,  strands  of  chromic  catgut  are  passed  between 
the  two  ends  so  as  to  form  a  scaffolding  along  which 
the  reparative  material  may  grow  (Fig.  41).  The  union 
is   strengthened    and    the   growth    of   the  reparative 

material  is  directed  along  the 
catgut  fibres,  by  encircling 
the  united  portion  with  a 
sheath  of  fascia  or  a  piece 
of  a  dog's  artery  hardened 
in  formalin — tulular  suture 
(Fig.  -42).  According  to 
Sherren,  the  best  encircling 
material  to  employ  is  a  por- 
tion of  one  of  the  patient's 
superficial  veins  resected  for 
the  purpose. 

A  portion  of  the  sciatic 
nerve  of    a    dog   or  other 
animal,  or  a  portion  of  nerve 
from  a  recently  amputated 
limb  may  be  grafted  into  the 
gap    (nerve  transplantatio7i) 
(Fig.  43).    In  this  method 
all  tension  can  be  obviated, 
as  the  graft  may  be  made  of  sufficient  length  to  fill  the 
gap.    Great  care  is  necessary,  however,  to  ensure  that  the 
araft  is  obtained  and  transferred  under  absolutely  aseptic 
conditions.     The  ideal  method    of    performing  nerve 
transplantation  is  to  resect  a  segment  of  one  of  the 
patient's  sensory  nerves  and  implant  it  in  the  gap— for 
example,  a  portion  of  the  radial  nerve  may  be  resected 
and  used  to  fill  a  gap  in  the  musculo-spiral  (Dean). 
If  two  adjacent  nerves  have  been  damaged  at  the 


Fig.  40.— Method  of  Nerve 
Bridging  aud  Transplanta- 
tion.   (See  Text.) 
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same  time,  and  both  are  rendered  functionless  on  account 
of  the  wide  gap  between  the  ends,  a  portion  of  one  may 
be  resected  and  grafted  into  the  other,  and  when  the 
function  of  the  repaired  nerve  has  been  restored  the 


Fig.  41.— Nerre  Bridging. 
Strands  of  catgut  introduced  to  bridge  the  gap ;  fascia  beir.g  folded 


over  tlie  union. 


paralysed  one  may  be  implanted  into  it  at  a  higher 
level  (Fig.  40). 

Nerve  Implantation.-This  procedure  consists  in  attach- 
ing one  nerve  to  another  in  such  a  way  that  impulses 
will  pass  between  them. 
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The  paralysed  nerve  is  exposed  and  freed  sufficiently 
to  enable  it  to  be  approximated  to'  the  healthy  one 
without  tension.  A  vertical  incision  is  then  made 
through  the  sheath  of  the  intact  nerve,  exposing  some 
of  its  axis  cylinders,  and  after  being  rawed  the  distal 
end  of  the  paralysed  one  is  inserted  into  the  slit  and 


Fig.  42.— Nerve  Bridging. 
Portion  of  dog's  artery  encircling 
the  united  ends. 


Fig.  43.— Nerve  Bridging. 
Portion  of  nerve  from  amputated 

limb  grafted  into  paralysed 

nerve. 


fixed  there  by  catgut  sutures  passing  through  the  sheaths 
of  both  {nerve  anastomosis)  (Fig.  44). 

When  the  gap  cannot  be  efficiently  "bridged,  both 
ends  of  the  damaged  nerve  may  be  implanted  in  the 
nearest  intact  trunk— for  example,  the  separated  ends  of 
the  median  ma,y  be  attached  to  the  ulnar  (lug.  4o). 

In  addition  to  being  employed  in  cases  of  nerve  injury 
with  loss  of  tissue,  for  example  in  the  resection  of  a 
tumour,  nerve  implantation  is  used  to  restore  function 
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by  connecting  a  paralysed  nerve  with  an  adjacent  active 
one,  for  example,  implanting  the  distal  end  of  the 
paralysed  facial  nerve  into  the  intact  hypoglossal 
(p.  99).  In  cases  of  paralysis  following  anterior 
poliomyelitis  also,  the  nerve  supplying  the  paralysed 
group  of  muscles  may  be  implanted  into  the  trunk 
supplying  the  active  muscles, — for  example,  the  paralysed 


Fig.  44.— Nerve  Implantation.  Firj.  45.— Xerve  Implantation. 

Distal  end  of  paralysed  nerve  ini-  Both  ends  of  paralysed  nerve  im- 

planted in  side  of  intact  nerve.  plante.l  in  side  of  intact  nerve. 

anterior  tibial  may  be  implanted  into  the  healthy  posterior 
tibial,  or  the  paralysed  external  popliteal  into  the  healthy 
internal  popliteal  (nerve  crossing). 

Avulsion  o£  Nerves— Neurexeresis.— This  procedure  is 
frequently  employed  in  cases  of  intractable  neuralgia, 
particularly  of  the  branches  of  the  trigeminal  nerve.  In 
performing  avulsion  after  the  method  of  Tliiersch,  a 
short  portion  of  the  nerve  is  exposed,  seized  witli  artery 
forceps,  and  slowly  twisted,  one  half  turn  of  the  forceps 
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being  made  every  thirty  seconds.  C.  H.  Mayo  recom- 
mends that  the  nerve  be  twisted  one  way  until  it  is  tight, 
and  then  unrolled  and  twisted  in  the  opposite  direction,  and 
this  is  repeated  until  the  portion  comes  away  in  the 
grasp  of  the  forceps.  The  advantages  of  avulsion 
over  resection  are  that  a  considerably  longer  segment  of 
the  nerve  can  be  removed,  and  degeneration  takes  place 
not  only  up  to  the  ganglion  cells,  but  extends  even  into 
bulbo-spinal  root  (Gehuchten). 


CHAPTER  VII 


OPERATIONS  ON  THE  CRANIAL  NERVES 

TRIGExMlNAL  :  Ophthalmic  Division  :  Supra- orbital  ■  Supra- 
trochlear ;  Frontal  ■  Nasal.  Maxillary  Division  :  Avulsion 
m  floor  of  orbit ;  Extra-cranial  division  at  base  of  shull 
Mandibular  Division  :  Inferior  dental  and  lincjual  ■  Mental  '■ 
Lingual  from  mouth;  Auriculo-temporal ;  Buccal;  Extra!- 
cramal  division  at  base  of  shull. 

NERVE  ANASTOMOSIS  :  Facial  and  Hypoglossal.  Facial 
AND  Spinal-Accessory. 

Operations  on  the  Teigeminal  Neeve.— The  most 
common  indication  for  operating  on  the  branches  of 
the  trigeminal  nerve  is  severe  neuralgia.  Stretchiuo- 
of  the  nerves  alone  is  of  no  nse ;  a  segment  of  the 
nerve  must  be  resected  or  avulsed,  and  the  bony  canal 
through  which  it  passes  blocked  with  a  silver  screw 
(C.  H.  Mayo).  From  such  operations,  however,  the  relief 
IS,  as  a  rule,  only  temporary. 

_  The  operation  of  Removal  of  the  Gasscrian  Ganglion 
IS  described  with  Operations  on  the  Skull. 

Ophthalmic  Division.—  Supra-orbital  Nerve.— This 
nerve,  the  largest  terminal  branch  of  the  ophthalmic 
division  of  the  trigeminal,  emerges  from  the  orbit  in 
the  supra-orbital  notch  at  the  junction  of  the  middle 
with  the  mner  third  of  the  upper  margin  of  the  orbit,  and 
passes  vertically  upwards  to  supply  the  frontal  portion 
of  the  scalp.  The  nerve  lies  directly  upon  the  perios- 
teum, underneath  the  fibres  of  the  orbicularis  palpebrarum 
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muscle,  with  the  supra-orbital  vessels  to  its  outer  side 
and  on  a  more  superficial  plane.    An  incision  is  made 
along  the  supra-orbital  margin  with  its  centre  opposite 
the  notch,  and  after  the  fibres  of  the  orbicularis  have 
been  separated  the  nerve  is  found  as  it  leaves  the  notch. 
The  artery  may  be  pulled  to  the  outer  side  or  clamped 
and  divided.    The  nerve  is  raised  by  passing  an  aneurysm 
needle  under  it,  and  divided  well  up  on  the  scalp ;  the 
proximal  end  is  then  seized  with  artery  forceps  and  as 
much  of  the  nerve  avulsed  as  possible.    The  advantages 
of  the  incision  in  the  line  of  the  eyebrow  are  that  it 
leaves  an  inconspicuous  scar  and  avoids  the  branches 
of  the  facial  nerve  supplying  the  orbicularis,  which  enter 

from  the  outer  side. 

The  Supra-trochlear  Nerve,  which  passes  upwards  from 
the  inner  angle  of  the  orbit,  is  exposed  by  a  similar 
operation,  the  incision  being  made  over  the  inner  half  of 
the  eyebrow. 

When  both  the  supra-orbital  and  supra-trochlear 
nerves  are  involved,  they  should  be  traced  back  under 
the  periosteum  of  the  roof  of  the  orbit  to  the  Frontal 
Nerve,  which  is  then  avulsed. 

The  Nasal  branch,  which  supplies  the  inner  surface 
and  tip  of  the  nose,  is  exposed  by  an  incision  carried 
alone  the  inner  third  of  the  lower  border  of  the  eyebrow 
and  curving  downwards  towards  the  bridge  of  the  nose 
The  periosteum  is  raised  from  the  roof  and  inner  wall 
of  the  orbit  till  the  nerve  is  seen  entering  the  anterior 
ethmoidal  foramen.    It  is  then  seized  with  forceps  and 

mIxillary  Division.— The  portion  of  the  second 
division  of  the  nerve  selected  for  operation  extends 
from  the  foramen  rotundum  across  the  spheno-maxi  lary 
(pterygo-palatine)  fossa  to  the  infra-orbital  canal,  rom 
which^i  emerges  on  the  face  by  ^^f^^^"^^} 
foramen,  at  a  point  from  a   quarter  to  half  an  inch 
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below  the  junction  of  the  inner  and  middle  thirds  of 
the  lower  orbital  marsfin. 

O 

Avulsion  of  the  Maxillary  Nerve  in  the  Floor  of  the 
Orbit— An  oblique  incision,  the  centre  of  which  lies 
over  the  foramen,  is  made  in  the  natural  fold  of  the 
face,  and  exposes  the  fibres  of  the  orbicularis  palpebrarum 
and  of  the  levator  labii  superioris  muscles.    These  having 
been  separated,  an  incision  is  made  down  to  the  bone 
immediately  below  the  orbital  margin,  and  the  periosteum 
is  stripped  downwards  until  the  nerve  is  reached  as  it 
emerges  from  the  foramen.     After  the  infra-orbital 
artery  has  been  isolated,  an  aneurysm  needle  is  passed 
under  the  nerve,  and  the  trunk  is  seized  with  artery 
forceps  and  divided  about  half  an  inch  distal  to  the 
foramen.    The  periosteum  is  next  raised  from  the  floor 
of  the  orbit  as  far  back  as  the  entrance  to  the  infra- 
orbital canal,  and  with  a  fine  chisel  the  roof  of  the 
canal  is  removed  until  the  nerve  is  freely  exposed. 
By  slowly  twisting  the  forceps  holding  the  divided  end 
of  the  nerve  and  making  gentle  traction,  the  greater 
portion  can  be  pulled  away. 

A  considerable  portion  of  both  the  proximal  and 
distal  ends  may  be  avulsed,  without  opening  up  the  canal, 
by  grasping  the  nerve  as  it  emerges  from  the  foramen 
and  very  slowly  rotating  the  forceps  (Thiersch). 

Extra-cranial  Division  of  Maxillary  Nerve  at  Base  of 
SkuU.— The  relief  afforded  by  resection  of  the  nerve 
from  its  point  of  emergence  at  the  foramen  rotundum  to 
Its  appearance  on  the  face  at  the  infra-orbital  foramen 
IS  more  certain  and  lasting  than  that  obtained  by 
avulsion,  and  is  always  called  for  if  the  neuralgia 
involves  the  posterior  teeth. 

Kocher's  Operation  hy  Dislocation  of  the  Malar  Bone  (Figs. 
46  and  47).— An  incision,  which  falls  as  far  as  possible 
m  the  natural  fold  of  the  face,  is  made  from  a  point 
about  a  quarter  of  an  inch  below  the  inner  end  of  the 
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infra-orbital  margin,  obliquely  downwards  and  outwards, 
so  as  to  cross  the  lower  part  of  the  malar  bone,  then 
upwards  and  backwards  as  far  as  the  zygoma.  It  is 
carried  down  to  the  bone,  and  the  periosteum  together 


Division  of  frontal  process 
Division  of  zygoma     |      Orbicularis  palpebrarum  raised  up 


1  : 

Zygomaticus  major   Masseter      Infra-orbital  nerve 

Fig.  46.— Extra-cranial  Division  of  Maxillary  Nerve,  1st  Stiige. 


with  the  muscles— orbicularis  palpebrarum,  levator  labii 
superioris,  and  zygomaticus  major  and  minor,  are  raised 
upwards  as  far  as  the  lower  margin  of  the  orbit,  and 
downwards  far  enough  to  expose  the  nerve  as  it  emerges 
from  the  infra-orbital  foramen.  The  malar  process  of 
the  maxilla  and  the  malar  bone  are  then  thoroughly 
cleared. 
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With  a  strong  chisel  or  Gigli  saw  the  malar  process 
of  the  superior  maxilla  is  divided  from  above  the  infra- 
orbital nerve,  downwards  and  outwards,  to  just  below  the 
anterior  edge  of  the  origin  of  the  masseter,  and  then 

Temporal  muscle 
Masseter      |  lufra-orljital  uerve 


I    Outer  wall  of  maxillary 
I  sinus 
Frontal  process  of  malar 


Mucous  meuibraiio  of  maxillary 
sinus  opened 


Fig.  47.-Extra-craiiial  Division  of  Maxillary  Ferve,  2nd  Stage. 

upwards  through  the  outer  wall  of  the  maxillary  sinus 
Ihe  fronto-malar  suture  and  the  zygoma  are  in  turn 
chiselled  or  sawn  across,  and  by  traction  made  with  a 
strong  sharp  hook  tlie  malar  bone  is  dislocated  downwards 
and  outwards. 

n  traction  is  made  upon  the  proximal  cud  of  the 
infra-orbital  nerve  after  it  lias   been  divided,  it  can 


be  traced  along  the  floor  of  the  orbit  and  across  the 
spheno-maxillary  fossa  as  far  as  the  foramen  rotundum. 
'The  nerve  is  then  raised  by  means  of  an  aneurysm 
needle  passed  round  it  close  to  the  foramen,  and  divided 
with  curved  scissors  or  avulsed.  Meckel's  ganglion 
comes  away  with  the  nerve.  If  the  infra-orbital  artery, 
which  accompanies  the  nerve,  is  injured  it  must  be 
twisted  or  tied.  The  bone  is  replaced  in  position  with- 
out suturing,  and  the  wound  closed. 

Mandibular  or  Inferior  Maxillary  Division.— The 
third  or  mandibular  branch  of  the  trigeminal  nerve  differs 
from  the  ophthalmic  and  maxillary  divisions  in  that  it 
contains  motor  fibres,  which  supply  the  muscles  of  . 
mastication.  At  the  foramen  ovale,  where  the  nerve 
emerges  from  the  skull,  the  motor  and  sensory  fibres  are 
so  intimately  associated  that  they  cannot  be  divided 
separately,  but  experience  has  shown  that  section  of  the 
entire  nerve  is  not  followed  by  any  appreciable  impair- 
ment of  mastication. 

Resection  o£  the  Inferior  Dental  (Inferior  Alveolax) 
and  Lingual  Nerves  by  Trephining  the  Jaw.-The  inferior 
dental  nerve  is  the  larger  terminal  branch  of  the  mandi- 
bular, and  after  passing  between  the  ramus  and  the 
internal  lateral  (spheno-mandibular)  ligament   of  the 
lower  jaw  it  enters  the  inferior  dental  canal,  along  with 
the  artery  of  the  same  name,  and  traverses  the  ramus 
and  body  of  the  lower  jaw,  supplying  branches  to  the 
teeth  and  emerging  on  the  face  through  the  mental 
foramen  as  the  mental  nerve.    The  lingual  nerve  lies 
in  front  of  the  inferior  dental,  and,  after  passing  between 
the  internal  pterygoid  muscle  and  the  ramus  of  the  jaw 
runs  beneath  the  mucous  membrane  of  the  floor  o  the 
mouth  to  the  side  of  tlie  tongue  and  supplies  the  anterior 
two-thirds  with  sensation.    These  nerves  may  be  exposed 
for  purposes  of  resection  either  from  the  face  or  from 
the  mouth. 
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A  curved  incision  is  made  around  the  angle  of  the  jaw, 
exposing  the  tendinous  fibres  of  the  masseter,  which  are 
divided  and  with  the  periosteum  are  displaced  upwards 
sufficiently  to  expose  the  central  part  of  the  ramus 
(Fig.  48).    With  a  ^-inch  trephine  a  circle  of  bone  is 

Inferior  dental  nerve  and  artery 

I  Lingual  nerve     Masseter  muscle 

Ramus  of  jaw 


Parotid    Platysma      Insertion  of  niasseUr 

Fig.  48.-Eeseution  of  Inferior  Dental  and  Lingual  Nerves. 


removed  opposite  the  last  molar  tooth,  and  the  nerve  is 
exposed  as  it  enters  the  inferior  dental  canal,  with  the 
lingual  lying  anterior  to  it.  If  necessary  this  opening 
can  be  enlarged  with  rongeur  forceps.  The  nerves  caS 
then  be  resected  or  avulsed.  The  masseter  is  replaced 
and  stitched  m  position,  and  the  wound  closed. 
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As  the  mental  branch  is  seldom  included  in  the  portion 
avulsed,  an  incision  should  be  made  along  the  lower 
border  of  the  jaw  opposite  the  interval  between  the  first 
and  second  bicuspid  teeth,  dividing  the  periosteum,  which 
is  stripped  up  until  the  foramen  is  reached.    The  nerve 
is  then  seized  with  forceps  and  avulsed.    This  branch  can 
also  be  exposed  by  dividing  the  mucous  membrane  at  its 
line  of  reflection  opposite  the  interval  between  the  first 
and  second  bicuspid  teeth,  and  reflecting  the  periosteum 
downwards  till  the  foramen  is  reached. 

Resection  o£  Inferior  Dental  Nerve  from  the  Mouth 
—The  mouth  is  opened  widely  with  a  gag  and  a  strand 
of  silk-worm  gut  is  passed  through  the  body  of  the 
tongue  to  act  as  a  retractor.    An  incision  about  an  inch 
Ion-  is  then  made  parallel  with  and  posterior  to  the 
anterior  border  of  the  ramus,  and  the  muco-periosteum 
separated  backwards  till  the  internal  lateral  ligamen  , 
which  is  attached  to  the  inferior  dental  spine  is  felt. 
This  li-ament  is  divided,  and  the  nerve  is  isolated  from 
its  accompanying  vessels  with  the  aid  of  an  aneurysin 
needle  and  resected  or  avulsed.    The  wound  is  allowed 
to  heal  by  granulation,  the  mouth  being  kept  clean  by 
frequent  spraying  with  peroxide  of  hydrogen  and  other 

mouth  washes.  Tw«„fv,  Tf 

Resection  o£  the  Lingual  Nerve  from  the  Mouth.— It 

the  tongue  is  grasped  with  forceps  or  transfixed  with  a 
tLd  of  silk-lorni  gut,  and  pulled  to  opposite  side 
of  the  mouth,  the  nerve  stands  out  as  a  cord  beneath  the 
mucous  membrane  of  the  tongue  behind  the  " 
.nolar  tooth,  and  can  be  exposed  and  resected  through 
a  short  incision  dividing  the  mucous  membrane,  ihis 
oneration  is  seldom  indicated.  .    ,   ,  ^ 

^  aIcuIo- temporal  Branch. -The  aunoulo-tempoval 
branch,  atter  leaving  the  pterygo-maxillary  TO-^^ 
unwards  in  company  with  the  temporal  arte>y  thro,  gh 
the  sltance  of  the  parotid  glaud.  and  thence  over  the 
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zygoma  to  its  distribution  in  the  auricle  and  skin  of  the 
temporal  region; 

It  is  exposed  by  a  vertical  incision  through  the  skin 
and  superficial  layer  of  the  temporal  fascia  about  a 
quarter  of  an  inch  in  front  of  the  tragus.  The  artery 
is  first  identified  and  the  nerve  sought  for  just  behind  it. 
The  nerve  should  be  secured  close  to  the  zygoma  before 
it  has  given  off  its  branches  to  the  external  auditory 
meatus  and  the  pinna. 

The  buccal  branch,  which  supplies  the  skin  of  the 
cheek  and  the  mucous  membrane  in  the  region  of  the  angle 
of  the  mouth,  can  be  exposed  from  the  interior  of  the  mouth 
as  it  passes  transversely  across  the  coronoid  process.  The 
mouth  is  opened  widely,  the  ridge  at  the  anterior  border 
of  the  ramus  of  the  jaw  felt  for,  and  an  incision  made 
through  the  mucous  membrane  and  the  fibres  of  the 
buccmator  muscle.  When  isolated  the  nerve  is  seized 
with  forceps  and  avulsed. 

It  may  also  be  exposed  from  without  by  an  incision 
along  the  lower  border  of  the  zygoma,  but  this  operation 
mvolves  the  risk  of  injuring  the  branches  of  the  facial 
nerve. 

Extra -cranial  Division  of  the  Mandibular  Division 
at   Base   of  SkuU.  — In   Koclier's   Method   (Fig  49) 
an  mcision  is  made  from  a  point  a  finger's  bi-eadth 
behind  the  frontal  process  of  the  malar,  obliquely  down- 
wards and  backwards  to  the  posterior  extremity  of  tlie 
zygomatic  arch,  and  thence  upwards  in  front  of  the  ear 
at  right  angles  to  the  first  part  of  the  incision.  The 
emporal  vessels  are  secured  with  forceps,  the  temporal 
ascia  divided  above  the  zygoma,  and  the  periosLum 
clea  ec  off  the  malar  bone  and  zygoma.    The  malar  is 
divided  with  the  chisel  or  saw  behind  its  frontal  process 
and  the  zygoma  close  to  its  root.    The  whole  arch  is  then 
pulled  downwards,  exposing  the  temporal  muscle.  To 
attord  access  the  coronoid  process  is  snipped  across  with 
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Fig.  49.-Extra.oranial  division  of  Mandibular  Nerve  at  Base  of  Skull. 

bone  pliers,  and  the  temporal  muscle  retracted  upwards. 
The  olxter  aspect  of  the  base  of  P^erypid  proces^^^^^ 
thus  exposed,  and  the  foramen  ovale  can  be  felt  behind 
it  about  an  inch  from  the  root  of  the  zygoma.  The 
nerve  is  raised  on  an  aneuiysm  needle  and  avulsed,  care 
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being  taken  to  avoid  injuring  the  middle  menino-eal 
artery.  The  temporal  muscle  is  then  replaced,  sutured 
in  position,  the  zygoma  similarly  dealt  with,  and  the 
wound  closed. 

Anastomosis  of  the  Facial  and  Hypoglossal 
Nekves.— In  cases  of  persistent  facial  paralysis,  result- 
ing from  disease  of  the  middle  ear  or  from  other  causes 
function  may  be  to  some  extent  restored  by  establishina 
a  communication  between  the  distal  end  of  the  nerve 
and  the  intact  hypoglossal  nerve. 

Facio-hypoglossal  anastomosis  has  almost  entirely 
superseded  the  junction  of  the  facial  and  spinal  accessory 
nerves,  as  after  this  operation  voluntary  movements  of 
the  shoulder  are  liable  to  be  accompanied  by  undesirable 
contractions  of  the  facial  muscles. 

The  facial  nerve,  after  traversing  the  internal  auditory 
meatus  and  the  aqueduct  of  Fallopius  (facial  canal) 
emerges    through   the    stylo-mastoid    foramen,  which 
lies    at   a    distance    of    nearly   an    inch    from  the 

nlnn'';.  ""^^  ^^^g^^ly  downwards 

along  the  upper  border  of  the  posterior  belly  of  the 
digastric,  and,  after  giving  off  the  posterior  auricular 
nerve  and  twigs  to  the  stylo-hyoid  and  posterior  belly 

g  and.    Opposite  the  posterior  border  of  the  lower  jaw 

?nt  tlo"  -^'f '  ^r^^  "^^-^"^^  ^-g->  it  divides 

n  o  two  main  branches,  the  temporo-facial  and  cervico- 
tacial,  and  these  m  turn  subdivide  to  form  a  fine 
network  of  nerves-the  pes  anserina  or  parotid  plexus 
which  supplies  the  muscles  of  expression 

The  hypofflossal  nerve  leaves  the  skull  through  the 
anterior  condylic  foramen.    In  its  course  down  th  ned 
towards  the  hyoid  bone  it  crosses  the  external  cLo  M 

beneath  the  digastric  and  stylo-hyoid  muscles.  Ibove 
the  great  cornu  of  the  hyoid  bone  it  passes  between  the 


Deep  fascia 
Facial  artery  ' 
Common  facial  vein 
Lingual  artery 


Posterior  belly  of  digastric 

Posterior  branch  of  temporo- 
niaxillary  venous  trunk 
Parotid 


External  carotid 

Lymph  glands  i 
Descendens  hypoglossi 

Steruo-mastoid 

Internal  jugular  vein 


Facial  nerve  Mastoid 
Hypoglossal  nerve 
Posterior  auricular  vein 
External  jugular  vein 

irernauu.-».  Upinal  accessory  nerve 

Fig  50.-Anastoinosis  of  Facial  and  Hypoglossal  Nerves  on  Left  Sule. 
(The  hypoglossal  has  been  completely  divided. ) 

mylo-hyoid  and  hyoglossus  muscles  to  end  in  the 
muscular  substance  of  the  tongue. 

The  Operation  of  anastomosing  these  two  nerves  is 
performed  through  an  oblique  incision  similar  to  ha 
employed  for  ligation  of  the  external  carotid,  but  at 
a   slightly  higher   level   (Fig-  50).    To    afford  free 
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access  a  short  horizontal  incision  may  be  made,  passing 
forward  from  the  centre  of  this  incision  to  the  angle  of 
the  jaw.    The  integument  having  been  divided  and  the 
strong  fascia  incised,  the  sterno-mastoid  is  cleared  and 
retracted  backward,  and  the  lobules  of  the  parotid  aland 
are  defined  and  pulled  forward.    In  the  space  between 
these  the  posterior  belly  of  the  digastric  appears,  and 
alter  its  upper  border  has  been  defined  the  facial  nerve 
IS  found  above  it.    The  nerve  can  sometimes  be  distin- 
guished from  other  structures  by  the  fact  that  the  facial 
muscles  contract  when  it  is  stimulated.    The  nerve  is 
raised_  on  an  aneurysm  needle,  traced  back  to  the  stylo- 
mastoid foramen,  and  cut  across  close  to  its  point  of  exit 
In  the  lower  part  of  the  incision  tlie  hypoglossal 
nerve  is  dissected  out  as  it  emerges  from  beneath  the 
posterior   belly  of  the  digastric  and  the  stylo-hyoid 
muse  es,  the  guide  to  the  nerve  being  the  occipital  artery 
round  which  It  hooks  at  this  level.    It  is  traced  up- 
wards beneath  the  digastric,  this  muscle  as  well  as  the 
ylo-hyoid  bemg  divided  if  necessary  to  afford  sufficient 

en  1  of  ,U    ,  "^T"  f  ^'^''^^  ^""^  the  distal 

end  of  the  facial  is  brought  to  it  and  implanted  among 
the  nerve  fibres.  It  is  not  necessary  to  divide  the 
hypoglossal  completely.  To  prevent  blood  collecting  in 
he  vicnity  of  the  anastomosis  and  leading  to  the  foima- 
tion  of  cicatricial  tissue,  the  wound  should  be  drained 

mtvT'rT  ACCESSOKY 

seded  brr    T'^r  ''''^''^y  been  super- 

.  v  ln  ^  anastomosis,  as  it  is  not  so 

easy  to  perform,  and  is  liable  to  be  followed  by  involun- 
aiy  movements  of  the  face  occurring  in  association  with 

the  movements  of  the  shoulder. 

The  operation  is  similar  to  that  for  facio-Iiynoclossal 

errr;''  T  'T'  ~'  ^^-^  secuSi  1 1 

Td  ?rl     H    r'''  ^'^'y  «^  t^^°  digastric 

and  crosses  the  transverse  process  of  the  atlas  vertebra. 
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Stretching  the  Facial  Nerve  for  Facial  Spasm.— The 

nerve  is  exposed  through  an  incision  similar  to  that 
employed  for  anastomosis.  An  aneurysm  needle  is 
passed  round  the  nerve,  and  gentle  traction  is  made  on 
it  sufficient  to  produce  a  partial  but  not  a  complete 

Posterior  branch  of  temporo-    Parotid  glan.l   P°ff  jr  belly 
maxillary  vein  m  its  fascia       of  digastric 


Deep  cervical  fascia       |  ^^""S'"''^ 
^      Spinal  accessory  nerve  muscle 


Fig.  5 


1. -Exposure  of  Spinal  Accessory  Nerve. 


paresis  of  the  muscles.    The  amount  of  traction  permiss- 
Ue  iB  best  estimated  if  the  operation  is  performed 
^mdei  local  anesthesia.    The  paresis  gradually  passe 
off  and  the  spasms  are  usually  arrested,  but  the  relief 

t:^  rrtiN..  AC— 

spi™essory  nerve  passes  downwards  and  backwards 


SPINAL  ACCESSORY  NEliVE 
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Fio.  52.— Dissection  of  Superficial  Cervical  Nerves. 

Ill  front  of  the  trausverse  process  of  the  atlas  and  the 
internal  jugular  vein,  and  enters  the  under  surface  of 
the  sterno-mastoid  muscle  from  an  inch  to  an  inch  and 
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a  half  below  the  tip  of  the  mastoid  process.  Its  course 
is  indicated  by  a  line  drawn  from  a  point  midway 
between  the  tip  of  the  mastoid  process  and  the  angle 
of  the  lower  jaw  to  the  middle  of  the  posterior  border 
of  the  sterno-mastoid,  and  thence  across  the  posterior 
triangle  to  the  anterior  border  of  the  trapezius  at  the 
junction  of  its  middle  and  lower  thirds. 

To  expose  the  nerve,  an  incision  is  made  from  the 
apex  of  the  mastoid  process  downwards  and  forwards 
parallel  with  the  border  of  the  lower  jaw.  The  external 
jugular  vein  and  the  great  auricular  nerve  having  been 
isolated  and  the  sterno-mastoid  drawn  backwards,  the 
lower  margin  of  the  posterior  belly  of  the  digastric  is 
defined,  and  the  nerve  is  found  emerging  from  under 
it  and  passing  to  enter  the  deep  surface  of  the  sterno- 
mastoid  (Fig.  51). 

For  the  relief  of  spasmodic  wry-neck  a  portion,  at 
least  one  inch  in  length,  is  resected  in  front  of  the 
sterno-mastoid. 

If  it  is  desired  to  establish  an  anastomosis  with  the 
facial  nerve  the  spinal  accessory  is  traced  as  far  back  as 
possible,  the  digastric  and  styloid  muscles  being  divided 
if  necessary. 

To  expose  the  nerve  after  the  branch  to  the  sterno- 
mastoid  has  been  given  off  an  oblique  incision  should 
be  made  with  its  centre  over  the  posterior  border  of 
the  middle  third  of  the  muscle  (Fig.  52). 


CHAPTER  VIII 


OPERATIONS  ON  SPINAL  NERVES 

Resection  op  Posterior  Primary  Divisions  of  Cervical  Nerves. 
Exposure  of  Brachial  Plexus  in  Neck.  Nerves  op  Upper 
Extremity:  Circumflex  -  Median  :  In  upper  arm;  In  ante- 
cuhtal  space;  In  front  of  wrist— JJlnaT  :  In  upper  arm;  Behind 
elboio  ;  In  lower  third  o//o?wm— Radial— Musculo-spiral  :  In 
upper  third  of  arm ;  On  posterior  surface  of  arm  ;  On  outer 
asjjedo/am— Musculo-cutaneous:  In  upper  part  of  arm;  Below 
middle  of  arm.  Nerves  op  Lower  Extremity  :  Great  Sciatic— 
At  exit  from  pelvis  ;  In  upper  part  of  thigh  ;  In  middle  of  thigh- 
External  Popliteal-Internal  Popliteal- Anterior  and  Posterior 
Tibial— Anterior  crural— External  cutaneous 


RESECTION  OF  THE  POSTERIOR  PRIMARY 
DIVISIONS  OF  THE  CERVICAL  NERVES 

In  severe  cases  of  spasmodic  wry-neck,  resection  of 
portions  of  the  spinal  accessory  nerve  on  one  side,  and  of 
the  posterior  primary  divisions  of  the  first  five  cervical 
nei-v^es  on  the  opposite  side,  seems  to  offer  the  best 
prospect  of  recovery. 

The  posterior  primary  divisions  of  the  cervical  nerves 
form  the  posterior  cervical  plexus,  from  which  are  supplied 
the_  muscles  of  the  back  of  the  neck.  The  first  (sub- 
occipital) lies  in  the  suboccipital  triangle  below  and 
behind  the  vertebral  artery.  The  second  emerges 
between  the  atlas  and  axis,  and,  after  piercing  the 
complexus  and  trapezius  muscles,  passes  upwards  to  the 
scalp  as  the  great  occipital  nerve,  in  company  with  the 
occipital  artery.    It  is  the  principal  cutaneous  nerve  to 
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the  posterior  portion  of  the  scalp.  The  remaining  nerves 
are  smaller,  and  each  divides  under  cover  of  the  com- 
plexus  into  external  muscular  and  internal  cutaneous 
branches. 

Operation— To  expose  these  nerves  a  vertical  incision 
about  four  inches  in  length  is  made  in  the  middle  line 
of  the  neck  from  a  point  about  half  an  inch  below  the 
external  occipital  protuberance,  and  from  each  end  of 
this  a  transverse  incision  is  carried  outwards.  The 
rectangular  flap  thus  formed  is  reflected  outwards,  and 
after  the  posterior  edge  of  the  sterno-niastoid  has  been 
defined,  and  the  trapezius  and  the  oblique  fibres  of  the 
splenius  divided,  the  great  occipital  nerve  is  found  as  it 
emerges  from  the  complexus.    This  muscle  having  been 
divided  transversely,  the  nerve  is  seen  curving  round 
the  lower  border  of  the  obliquus  inferior,  and  is  traced 
back  to  the  posterior  primary  division.     To  reach  the 
suboccipital  triangle,  the  obliquus  inferior,  the  rectus 
capitis  posterior  major,  and  the  obliquus  superior  are 
defined,  and  the  suboccipital  nerve  is  resected  as  far 
back  as  possible,  care  being  taken  to  avoid  the  vertebral 
artery.    By  following  the  communicating  loops  which 
pass  from  one  to  another,  the  remaining  branches  are 
then  traced  out  beneath  the  complexus  and  resected. 
The  divided  muscles  are  sutured  in  layers,  and  the 

wound  is  closed. 

Exposure  of  Brachial  Plexus  in  Neck.— Access 
to  the  cords  of  the  plexus  is  obtained  by  a  dissection 
similar  to  that  employed  for  ligation  of  the  third  part  of 
the  subclavian  artery  (p.  19).  After  the  deep  fascia 
has  been  divided  and  the  omo-hyoid  retracted  upwards, 
the  cords  are  sought  for  as  they  emerge  from  under 
cover  of  the  scalenus  anterior,  and  are  traced  downwards 
until  the  seat  of  the  lesion  is  found.  In  the  case  o  the 
first  dorsal  nerve  it  may  be  necessary  temporarily  to 
resect  the  clavicle  to  obtaiu  satisfactory  access. 
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If  one  or  more  of  the  cords  have  been  torn,  the  ends 
must  be  brought  into  apposition  and  sutured.  If 
the  divided  ends  are  buried  in  cicatricial  tissue  they 
must  be  freed  and  then  united.  If  the  inner  cord  is 
pressed  upon  by  a  cervical  rib,  this  is  resected  together 
with  its  periosteum  sufficiently  freely  to  relieve  the 
pressure.  In  cases  of  paralysis  of  the  Erb-Duchenne 
type,  occurring  in  infants  {brachial  birth  palsies),  the 
cords  are  occasionally  completely  torn,  and  the  reaction 
of  degeneration  is  present.  In  such  cases  the  nerves 
should  be  exposed  and  sutured. 

OPERATIONS  ON  NERVES  OF  THE  UPPER 
EXTREMITY 

CiECUMFLEx  (Axillary)  Nerve.  —  To  expose  the 
circumflex  nerve  a  linear  incision  is  made  on  the  back 
of  the  limb  in  the  groove  formed  by  the  posterior 
border  of  the  deltoid  and  the  posterior  scapular  muscles, 
dividing  the  integument  and  deep  fascia  which  is  closely 
adherent  to  the  deltoid.  The  deltoid  is  then  pulled 
forward,  and  the  tendons  of  the  teres  minor  and  long  head 
of  the  triceps  brought  into  view.  In  the  angle  between 
the  teres  minor  and  the  neck  of  the  humerus  the 
circumflex  nerve  emerges,  accompanied  by  the  posterior 
circumflex  artery,  and,  passing  round  the  back  of  the 
humerus,  it  enters  the  under  surface  of  the  deltoid. 

Median  Nerve.— The  operations  for  exposing  the 
median  nerve,  either  in  the  upper  arm  or  in  the  ante- 
cvMtal  fossa,  are  the  same  as  those  for  ligation  of  the 
corresponding  parts  of  the  brachial  artery  (pp.  41  and  42). 
In  the  upper  part  of  the  limb  the  nerve  lies  to  the  outer 
side  of  the  artery,  about  the  middle  of  the  upper  arm  it 
crosses  the  vessel  obliquely,  and  in  the  lower  part  lies  to 
the  inner  side.  At  the  bend  of  the  elbow  the  nerve  is 
about  a  quarter  of  an  inch  inside  the  artery,  lying  to 
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the  outer  edge  of  the  pronator  radii  teres.  In  the  upper 
arm  it  gives  off  no  branches. 

It  is  often  necessary  to  expose  the  median  nerve  just 
above  the  wrist  in  order  to  repair  damage  sustained  by  an 
accidental  wound  in  this  region  (Fig.  53).  An  incision 
is  made  over  the  radial  border  of  the  palmaris  longus 
tendon,  a  finger's  breadth  above  the  transverse  skin  fold, 


Fig.  53.— Exposure  of  Kiglit  Median  Nerve  above  Wrist. 


which  indicates  the  position  of  the  upper  edge  of  the 
anterior  annular  ligament.  On  entering  the  iiiter- 
muscular  septum  between  the  palmaris  longus  and  the 
flexor  carpi  radialis,  the  nerve  is  found  either  between 
these  tendons  or  under  cover  of  the  palmaris  longus. 
Its  size  may  lead  to  its  being  mistaken  for  a  tendon, 
but  its  darker  colour  and  feathered  appearance  serve  to- 
distinguish  it. 

Ulnar  Nerve.— The  ulnar  nerve  may  be  exposed 
above  the  middle  of  the  upper  arm  by  an  incision  parallel 
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with,  and  half  an  inch  internal  to,  the  line  of  the  artery. 
In  this  part  of  its  course  it  is  accompanied  by  the 
inferior  profunda  vessels. 

To  expose  it  hehind  the  elbow,  the  incision  is  made  in 
the  sulcus  between  the  olecranon  process  and  the  internal 
epicondyle.  After  the  skin  and  fascia  have  been  divided 
the  nerve,  accompanied  by  the  inferior  profunda  artery, 
is  found  lying  close  to  the  bone  along  the  inner  edge 
of  the  triceps.  At  the  lower  border  of  the  epicondyle 
it  passes  between  the  two  heads  of  origin  of  the 
flexor  carpi  ulnaris,  and  comes  to  lie  on  the  flexor 
digitorum  profundus.  It  gives  off  no  branches  in  the 
upper  arm. 

In  the  lower  two-thirds  of  the  forearm  the  ulnar  nerve 
runs  to  the  ulnar  side  of  the  artery  of  the  same  name, 
and  may  be  exposed  by  an  operation  similar  to  that 
performed  for  ligation  of  the  artery  (p.  47). 

The  Eadial  Neeve  in  the  middle  third  of  the  forearm 
IS  exposed  by  the  same  operation  as  for  ligation  of  the 
corresponding  part  of  the  radial  artery  (p.  44). 

Musculo  -  spiral   (Radial)   Nerve.  —  This  nerve, 
the  continuation  of  the  posterior  cord  of  the  brachial 
plexus,  in  the  upper  third  of  the  arm  lies  behind 
the  brachial  vessels,  and,  with  the  superior  profunda 
artery,  winds  down  the  back  of  the  humerus  in  the 
musculo-spiral  groove,  crossing  the  bone  from  within 
outwards.     On    reaching    the.  outer   aspect    of  the 
limb  It  pierces  the  external  inter-muscular  septum  at 
the  junction  of  the  upper  and  middle  thirds  of  a  line 
drawn  from  the  deltoid  insertion  to  the  external  epi- 
condyle.   It  then  descends  between  the  brachio-radialis 
(supinator  longus)  and  brachialis  anticus  muscles  as  far 
as  the  level  of  the  external  condyle,  where  it  divides  into 
the  radial  (ramus  superficialis)  and  the  posterior  inter- 
osseous nerves. 

Above  the  point  where  it  pierces  the  inter-muscular 


septum  it  gives  branches  to  supply  the  different  heads  of 
the  triceps  and  the  anconeus,  as  well  as  external  and 
internal  cutaneous  branches.  After  it  has  pierced  the 
septum  it  supplies  the  brachio-radialis  (supinator  longus), 
the  brachialis  anticus,  the  extensor  carpi  radialis  lougior 
(sometimes  also  the  brevior),  and  the  elbow-joint. 

As  this  nerve  is  liable  to  be  involved  in  cases  of 


Fig.  54.— Exposure  of  Left  Mu.sculo-spiral  Nerve  on  Outer 
Aspect  of  Limb. 


fracture  of  the  shaft  of  the  humerus  it  is  often  necessary 
to  expose  it  by  operation. 

To  reach  the  nerve  in  the  upper  third  of  the  arm,  an 
incision  is  made  as  for  ligation  of  the  third  part  of  the 
axillary  artery  (p.  38),  the  deep  fascia  divided,  and  the 
lower  border  of  the  latissimus  dorsi  tendon  defined. 
The  nerve  is  found  lying  on  the  latissimus  dorsi  and 
behind  the  superior  profunda  artery. 

To  expose  the  nerve  as  it  passes  across  the  postenor 
surface  of  the  arm,  an  incision  is  curved  downwards  from 
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a  point  a  finger's  breadth  behind  the  deltoid  insertion 
towards  the  tip  of  the  olecranon  process.  After  dividino- 
the  deep  fascia,  the  long  and  outer  heads  of  the  tricejDs 
are  separated  down  to  the  bone  and  the  nerve  is  found 
in  the  musculo-spiral  groove. 

To  expose  the  nerve  near  its  bifurcation  on  the  outer 
aspect  of  the  limb  and  after  it  has  pierced  the  inter- 
muscular septum,  the  elbow  is  flexed  and  the  forearm 
laid  across  the  chest.  An  incision  is  made  in  the 
external  bicipital  sulcus,  its  centre  correspondino-  to  a 
point  midway  between  the  deltoid  insertion  and  the 
external  epicondyle,  and  its  lower  part  following  the 
obliquity  of  the  inner  border  of  the  brachio-radialis 
(supinator  longus)  (Fig.  54).  In  the  superficial  fascia 
the  cephalic  vein  is  exposed,  and  drawn  aside;  the 
deep  fascia  is  then  divided  and  the  interval  between 
the  brachio-radialis  and  brachialis  anticus  muscles  opened 
up.  If  the  brachio-radialis  is  now  drawn  outwards 
the  nerve  is  found  on  the  anterior  aspect  of  the' 
humerus. 

MuscuLO-cuTANEOUS  Nekve.— In  the  upper  arm  this 
nerve  gives  off  muscular  branches  to  the  coraco-brachialis 
the  two  heads  of  the  biceps,  and  the  brachialis  anticus' 
Below  the  elbow  it  supplies  cutaneous  branches  to  the 
front  and  back  of  the  radial  aspect  of  the  forearm 

In  the  upper  part  o!  the  arm  it  may  be  exposed  by 
an  operation  similar  to  that  for  ligation  of  the  third  part 
of  the  axillary  artery  (p.  38).  The  nerve  lies  to  the 
outer  side  of  the  vessel,  and  may  be  seen  entering  the 
coraco-brachialis  muscle. 

Below  the  middle  o!  the  upper  arm,  tlie  incision  is  made 
at  the  outer  side  of  the  biceps,  care  being  taken  to  avoid 
the  cephalic  vein.  After  dividing  the  fascia,  the  biceps 
is  raised  from  the  brachialis  anticus,  and  the  nerve 
IS  found  under  the  thin  fascia  which  covers  this 
muscle. 
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OPERATIONS  ON  NERVES  OF  THE  LOWER 
EXTREMITY 

Great  Sciatic  Nerve  (Nervus  Ischiadicus).— This 
nerve  emerges  from  the  pelvis  through  the  great  sacro- 


Biceps  ' 
Great  sciatic  nerve 


\       Gluteus  maximus 
Small  sciatic  nerve 


Fig.  55.— Exposure  of  Eight  Great  Sciatic  Nerve  at  the  fold 
of  the  Buttock. 


sciatic  forameu  below  the  pyriformis.  and  after  passing 
throucrh  the  buttock,  enters  the  back  of  the  thigh  beneath 
the  fold  of  the  nates  at  a  point  midway  between  the  ischial 
tuberosity  and  the  posterior  edge  of  the  great  trochanter. 
It  forms  a  broad  nervous  band  which  usually  comprises 
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the  nerves  to  the  hamstring  muscles  and  to  the  short  head 
of  the  biceps,  as  well  as  the  internal  popliteal  (tibial) 
and  external  popHteal  (peroneal)  nerves,  enclosed  in  a 
common  sheath.   The  nerve  terminates  at  a  variable  level 
by  dividing  into  the  internal  and  external  popliteal  nerves 
the  mternal  continuing  its  straight  course  to  the  popliteal 
space,  while  the  external  passes  outwards  under  cover  of 
the  biceps  to  reach  the  back  of  the  upper  end  of  the  fibula 
Sometimes  these  two   trunks  are  separate  throughout 
their  whole  course.     After  emerging  from  under  cover  of 
the  gkiteus  maximus  muscle,  the  great  sciatic  trunk  lies 
upon  the  adductor  magnus  and  beneath  the  hamstring 
muscles.  ° 

At  its  exit  from  the  pelvis  through  the  lower  part  of  the 
great  sciatic  foramen,  the  nerve  is  exposed  by  the  same 
operation  as  for  ligation  of  the  sciatic  artery  (p  53) 
It  lies  against  the  base  of  the  spine  of  the  ischium  on  a 
deeper  plane  than  the  artery  and  smaller  sciatic  nerve 
winch  are  to  its  inner  side. 

To  expose  the  nerve  in  the  upper  part  of  the  thigh  an 
mcision  is  made  in  the  line  of  the  gluteal  fold,  dividina 
the  mtegument  and  deep  fascia.  The  gluteus  maximus 
having  been  exposed  and  pulled  upwards,  the  outer  edge 

11  '^"^^"^  obliquely  downwards  and 

outwards  with  the  small  sciatic  over  it.  If  the  surgeon 
s  andiiig  on  the  opposite  side  of  the  patient,  now  pLes' 
h  s  left  forefinger  under  the  biceps,  he  can  readily  feel 
the  nerve  as  i  lies  in  a  mass  of  coarse  fat  and  hook  it 
up  (J  Chiene).  It  is  accompanied  by  the  comes  nervi 
ischiadici  artery  and  vein. 

To  stretch  Uie  nerve/one  or  two  fi„gera  aro  passed 

«Von  ,t  m  boti,  directions  until  it  is  qmtc  slack.  The 
"orvo  wdl  stand  as  n,„ch  traction  as  can  be  pnt  upon  i 

w  und   T  "?  '"      ted,  arid  the 

wound   closed  without   drainage.    It  the  nerve  has 
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already  divided  at  the  level  at  which  it  is  exposed,  both 
branches  must  be  stretched. 

In  the  middle  of  the  back  of  the  thigh,  the  nerve  can 
be  easily  exposed  through  a  longitudinal  incision  in  the 
middle  line  placed  between  the  biceps  on  the  outer 
side  and  the  semi-tendinosus  and  semi-membranosus  on 
the  inner.  After  the  integument  has  been  divided,  the 
small  sciatic  nerve  is  sought  for,  either  on  or  under  the 
deep  fascia,  and  is  hooked  aside.  The  inter-muscular 
septum  is  then  opened  up  and  the  great  sciatic  as  a 
single  trunk  or  after  having  divided  into  external  and 
internal  popliteal  is  found  lying  on  the  posterior  surface 
of  the  femur. 

The  External  Popliteal  (Common  Peroneal)  Nerve 

 one  of  the  divisions  of  the  great  sciatic — runs  under 

cover  of  the  biceps  across  the  upper  and  outer  part  of  the 
popliteal  space,  and  after  passing  over  the  outer  head  of 
the  gastrocnemius,  reaches  the  back  of  the  head  of  the 
fibula  and  terminates  about  one  inch  lower  down  under 
cover  of  the  peroneus  longus  by  dividing  into  the 
anterior  tibial  (deep  peroneal),  musculo-cutaneous  (super- 
ficial peroneal),  and  recurrent  tibial  nerves. 

To  expose  the  nerve,  an  incision  is  made  along  the 
posterior  edge  of  the  biceps  tendon  from  the  prominence  of 
the  external  condyle  to  the  posterior  border  of  the  head  of 
the  fibula.  After  the  deep  fascia  is  divided,  the  tendon 
is  displayed,  and  the  nerve  is  found  under  cover  of  it  and 
near  the  outer  edge  of  the  gastrocnemius  (Fig.  56). 

The  operation  for  exposing  the  internal  pophteal 
(tibial)  nerve  is  the  same  as  that  for  ligation  of  the 
lower  part  of  the  popliteal  artery  (p.  61). 

The  anterior  and  posterior  tibial  nerves  are  exposed 
by  the  same  operations  as  for  ligation  of  the  correspond- 
ing arteries  (pp.  63,  67).  • 
Anterior  Crural  (Femoral)  Nerve.— To  expose  the 
iterior  crural  nerve  an  incision  is  made  .lusb  below  and 
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parallel  with  the  middle  third  of  Poupart's  ligament. 
After  the  fascia  lata  and  the  sheath  of  the  ilio-psoas  have 
been  divided,  the  nerve  is  found  in  the  groove  between 


External  cutaneous     Superficial  inguinal 
iifirvp  eland 


Anterior  crural  nerve    Femoral  artery  in  sheath 

YiG,  57.— Exposure  of  Right  Anterior  Crural  and  External 
Cutaneous  Nerves. 

the  two  portions  of  the  ilio-psoas  muscle,  the  fibres  of 
the  psoas  separating  it  from  the  femoral  artery  (Fig.  5  0- 
In  the  upper  part  of  Scarpa's  triangle,  it  breaks  up  into 
its  branches,  which  supply  the  pectineus,  sartonus  and 
quadriceps  extensor  muscles,  and  the  skin  on  the  front 
of  the  thigh. 
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External  (Lateral)  Cutaneous  Nerve. — This  nerve 
supplies  the  skin  on  the  outer  side  of  the  thigh  as  far  as 
the  knee.  It  may  be  exposed  through  an  incision  parallel 
with  Poupart  and  a  finger's  breadth  below  the  anterior 
superior  iliac  spine,  where  it  runs  in  a  downward  and 
outward  direction  under  the  deep  fascia  near  the  outer 
edge  of  the  sartorius  (Fig.  57), 
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OPERATIONS  ON  THE  BONES 

Fractures  :  Kecent  Simple  Fractures— Eecent  Compound  Frac- 
tures—Badly United  Fractures— Delayed  Union  and  Want 
of  Union.    Individual  Fractures  :  Neck  of  Femur— Shaft 
of  Femur— Transverse  fracture  of  Patella— Both  bones  of  Leg 
—Clavicle— Upper  end  of  Humerus— Neck  of  Humerus  com- 
plicated with  dislocation  of  shoulder— Shaft  of  Humerus  with 
implication  of  Musculo-spiral  Nerve— Lower  end  of  Humerus- 
Olecranon  Process  of  Ulna— Bones  of  Forearm.    Osteotomy  : 
For  Knock-knee  and  Bow-knee— Linear  Osteotomy— Cunei- 
form Osteotomy— Open  Operation— Genu  Varum— Osteotomy 
of  Tibia— Osteotomy  of  Upper  End  of  Femur— Division  of 
narrow  part  of  Neck  of  Femur    (Adam's  Operation)-Oste- 
otomy  below  the  Trochanters— Trans-trochanteric  Osteotomy- 
Lengthening  of  Bones  in  Shortened  Limbs-Sub-periosteal 
Eesection  of  a  Long  Bone-Eesection  of  a  Long  Bone  with 
the  Periosteum 

OPERATIONS  UPON  RECENT  SIMPLE  FRACTURES 

In  our  opinion  operative  treatment  in  simple  fractures 
of  the  shafts  of  long  bones  is  only  called  for  when  it  is 
evident  that  the  fragments  cannot  otherwise  be  brought 
into  sufficiently  accurate  apposition  to  avoid  such  shorten- 
ing or  deformity  as  will  interfere  with  the  function  of  the 
limb ;  or  when  it  is  found  to  bo  impossible  to  maintain 
them' in  good  position  by  other  means. 

In  fractures  implicating  articular  surfaces,  the  dife- 
culty  of  replacing  the  fragments  and  maintammg  them 
in  accurate  apposition,  and  the  risk  of  impaired  mobihty 
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of  the  joint  after  faulty  coaptation,  necessitate  more 
frequent  recourse  to  immediate  operation. 

Before  operation  is  decided  upon,  the  position  of  the 
fragments  should  be  determined  by  means  of  a  series  of 
X-ray  photographs  taken  from  different  aspects,  or 
preferably  by  stereoscopic  plates.  After  this  information 
has  been  obtained,  a  further  attempt  at  reduction  should 


Fig.  58. -Fragments  of  Femur  held  by  giupping  forceps  and  plated  by 

Lane's  Method. 

be  made  under  antesthesia,  and  the  effect  observed  by 
the  screen  or  skiagram.  If  the  result  is  still  unsatis- 
tactory,  operative  treatment  is  indicated. 

Arbuthnot  Lane  advocates  operating  within  two  or 
three  days  of  the  injury,  but  with  the  majority  of  surgeons 
we  prefer  to  wait  for  a  week  or  ten  days  until  the  tissues 
have  partly  recovered  from  the  trauma  of  the  accident. 

The  seat  of  fracture  is  exposed  by  an  incision  so 
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placed  as  to  give  the  best  access  to  the  broken  bones 
with  the  minimum  disturbance  of  the  soft  parts,  special 
care  being  taken  to  avoid  injuring  motor  nerves.  All 
the  manipulations  should  be  made  with  instruments, 
preferably  with  long  handles,  so  that  the  risk  of  contact 

infection  from  the  hands 
may  be  reduced  to  a  mini- 
mum.   It  is  to  be  borne 
in  mind  that  the  bruised 
condition    of    the  parts 
renders    them  specially 
susceptible   to  infection. 
The  obstacle  to  reduction 
having  been  removed,  the  fragments  are 
brought  into  apposition  by  traction  on 
the  distal  part  of  the  limb,  carried  out 
by  an  assistant,  combined  with  leverage 
effected   with  powerful  long-handled 
bone  grippers — a  step  in  the  operation 
which  involves  the  expenditure  of  con- 
siderable time  and  patience. 

If  the  fracture  is  transverse  and  the 
ends  of  the  bones  broad,  there  may  be 
little  or  no  tendency  to  re-displace- 
ment after  they  have  once  been  placed 
in  apposition,  and  it  is  not  necessary  to 
employ  any  mechanical  means  of  fix- 
ation. The  wound  is  then  closed  and 
Fio.  59.-Medullary  the  limb  fixed  in  a  suitable  splint. 
Pin  or  Peg.  In  the  great  majority  of  cases  callmg 
for  operative  treatment,  however,  the 
fragments  can  only  be  retained  in  apposition  by  meclianical 
means.  Silver  wire  sutures,  long  steel  pins  driven  through 
both  fragments  (Fig.  61),  metal  staples  or  screws  and 
various  other  appliances  are  available  to  meet  the  require- 
ments of  individual  cases.    Sometimes  a  rod  of  bone  or 
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ivory  is  pushed  into  the  medullaiy  canal  of  each  fragment 
and  acts  as  an  internal  or  "medullary"  splint  (Fig.  59). 
The  most  generally  useful  support  for  the  fragments  is 
a  steel  plate,  such  as  is  employed  by  Arbuthnot  Lane, 
the  pioneer  of  this  method  of  treatment.  The  plates 
are  of  different  sizes  and  shapes,  and  are  fixed  by  plated 
screws  with  a  cylindrical  shank  (Fig.  58).  The  instru- 
ments devised  by  Lane  and  by  Lambotte  for  the  different 
steps  of  the  operation  can  be  strongly  recommended. 

After  the  fragments  have  been  brought  into  apposi- 
tion, they  are  held  absolutely  rigid  by  means  of  bone 
grippers,  and  a  suitable  plate  having  been  applied  to  the 
aspect  of  the  bone  which  is  best  covered  with  soft 
tissues,  the  holes  are  drilled  in  the  bone  and  the  screws, 
held  with  a  special  forceps,  are  driven  firmly  home. 
More  than  one  plate  may  be  required  to  secure  perfect 
rigidity.  The  soft  parts  are  replaced  and  the  wound 
closed,  with  or  without  drainage. 

Opeeations  for  Compound  FpvActuees.  — In  cases  of 
compound  fracture,  once  it  has  been  decided  that  an 
attempt  should  be  made  to  save  the  limb,  the  operative 
treatment  is  more  a  question  of  wound  technique  and  the 
maintenance  of  asepsis  than  of  the  actual  treatment  of  the 
broken  bone.  If  the  conditions  are  such  as  will  permit 
of  asepsis,  advantage  may  be  taken  of  the  open  wound  to 
fix  the  fragments  together  by  plates  or  other  appliance. 
Steel  pins  pushed  through  the  fragments  from  the  over- 
lying skin  present  this  great  advantage  in  compound 
fractures,  that  should  the  asepsis  not  be  absolute,  they  can 
be  withdrawn  after  their  purpose  has  been  fulfilled,  and 
sufficient  callus  has  formed  to  maintain  the  fragments 
m  position,  usually  at  the  end  of  three  or  four  weeks. 

Operation  for  Badly  United  Fracture.— Operation 
may  be  required  in  mal-united  fracture  because  the  frag- 
ments are  united  in  a  faulty  position,  or  to  remove  excess  of 
callus  which  interferes  with  the  free  action  of  the  muscles. 


When  the  fragments  have  united  at  an  angle  and 
there  is  not  much  shortening,  the  fracture  should  be 

reproduced  by  an  oblique 
osteotomy,  so  planned  that 
the  Umb  can  be  straight- 
ened, and,  by  sliding  the 
divided  surfaces  on  one 
another,  such  shortening 
as  exists  may  be  remedied. 
The  fragments  having  been 
brought  into  line,  are 
plated  by  Lane's  method. 

When  the  fragments 
override  one  another  and 
there  is  considerable 
shortening,  in  addition  to 
performing  an  oblique 
osteotomy,  it  is  usually 
necessary  to  deal  with 
the  contracted  soft  parts 
before  the  contour  of  the 
bones  can  be  restored  and 
the  shortening  corrected. 
Tendons  must  be  divided 
or  lengthened,  and  con- 
tracted fascite  cut  across. 
Forcible  traction  must 
then  be  made  on  the  distal 
_  segment  of  tlie  limb,  by 

Fig.  60.— Steinmann's  Apparatus  for  ^^^ganS   of    a    clove  -  hitch 

Direct  Extension.  The  pin  should  ^^^.^wn  round  the  ankle  or 

be  inserted  obliquely  downwards  lui^vy 

into  the  bone.  wrist.    lu  the  lower  ex- 

tremity where  there  is 
often  great  difficulty  in  making  efficient  traction,  Stein- 
mann's plan  of  applying  the  traction  directly  to  the 
distal  segment  of  the  bone  may  be  employed.  Steel 
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pius   are  driven   through  the  skin  into  each  lateral 

aspect  of  the  distal  end  of  the  bone,  femur  or  tibia  as 

the  case  may  be,  and  to  these  the  weight  and  pulley 
are  connected  (Fig.  60). 

After  the  fragments  have  been  brought  into  position 
they  are  plated. 

Operation  foe  Delayed  Union  and  Want  of  Union.  

By  means  of  the  X-rays  it  is  usually  possible  to  determine 
the  obstacle  to  union — whether  atrophy  of  the  bone, 
defective  callus  formation,  the  interposition  of  soft  tissues 
between  the  fragments,  or  want  of  apposition  of  the 
fragments. 

The  region  of  the  fracture  must  be  freely  exposed, 
the  soft  parts  separated  from  the  bone,  and  the  periosteum' 
raised  together  with  the  superficial  bony  lamella  on  its 
deeper  surface  (Oilier). 

When  the  bones  are  atrophied  or  the  callus  formation 
defective,  the  best  procedure  is  to  insert  a  bone  graft, 
which  not  only  serves  to  consolidate  the  union,  but  may 
be  utilised  to  fix  the  fragments.  A  suitable  rod  of  bone 
for  this  purpose  can  be  obtained  from  the  fibula,  the 
crest  of  the  tibia,  or  one  of  the  ribs  of  the  patient!  and 
it  may  be  shaped  so  that  it  can  be  pushed  into  the 
medullary  canal  of '  the  two  fragments.  When  this  is 
mconvenient,  it  can  be  lashed  to  the  surface  of  the 
fragments  by  strands  of  kangaroo  tendon,  chromic  gut, 
or  silver  wire. 

If  union  has  been  prevented  by  a  piece  of  muscle, 
fascia,  or  other  tissue  being  interposed  between  the 
fragments,  this  must  be  removed,  the  ends  of  the  bones 
freshened,  and  fixed  in  apposition.  In  freshening  the 
ends,  it  may  be  possible  to  shape  them  so  that  one  will 
mortise  into  the  other.  Failing  this,  a  plate  is  applied 
to  the  surface. 

When  union  has  failed  owing  to  displacement  of  the 
fragments,  the  ends  must  be  brought  into  apposition, 
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re-freshed,  and  mortised  or  plated  as  is  found  more 
efficient. 

We  have  sometimes  found  it  advantageous  to  place 
the  limb  upon  the  splint  in  the  desired  attitude  before 
completing  the  fixation  of  the  fragments. 

THE  OPEEATIVE  TEEATMENT  OF 
INDIVIDUAL  FRACTUEES 

Fracture  o£  the  Neck  of  the  Femur. — It  is  to  be  borne 
in  mind  that  the  patients  who  usually  sustain  fracture 


Fig.  61.— Pegging  Neck  of  Femur  through  Trochanter  and  Skin. 

through  the  narrow  part  of  the  neck  of  the  femur 
not  as  a  rule  good  subjects  for  operation. 
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There  are  two  methods  of  fixation  which  may  be  em- 
ployed. In  one,  after  the  fragments  have  been  placed  in 
the  best  possible  position,  a  stout  8 -inch  steel  pin  is 
pushed  through  the  skin  over  the  trochanter  and  driven 
through  the  neck  into  the  head  of  the  bone  (Fig.  61). 
Its  proper  location  should  be  verified  by  the  X-rays. 

The  alternative  procedure  consists  in  exposing  the 
site  of  fracture  by  dissection  from  the  front.  An  incision 
is  made  downwards  and  slightly  inwards  from  the 
anterior  superior  spine,  dividing  the  skin  and  fascia  and 
striking  the  interval  between  the  tensor  fascite 
femoris  on  the  outer  side  and  the  sartorius  on 
the  inner.  The  capsular  ligament  is  then 
opened  up  and  the  neck  of  the  bone  exposed. 
By  manipulating  the   limb    the  fragments 


Fig.  62. -The  Authors'  Screw  Lever  for  manipulating  small  fragments, 


are  got  into  good  position  and  fixed  to  one  another 
by  means  of  a  plate;  the  torn  capsule  is  then 
stitched. 

Fracture  of  the  Shaft  of  the  Femur.-If  a  choice  is 
possible,  the  incision  should  be  made  in  the  line  of  the 
external  inter-muscular  septum.  In  fractures  which  are 
not  quite  recent,  and  particularly  in  those  situated  just 
above  the  condyles,  and  in  separation  of  tlie  lower  femoral 
epiphysis.  It  may  be  very  difficult  to  get  tlie  fragments 
into  accurate  apposition,  as  tlie  lower  fragment  cannot 
be  efficiently  grasped  with  any  form  of  forceps.  We 
have  found  it  helpful  to  drill  the  bone  and  insert  a  screw- 
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pin  with  a  long  handle  to  obtain  the  necessary  leverage 
(Fig.  62). 

Transverse  Fracture  o!  the  Patella. — The  best  exposure 
is  obtained  by  throwing  down  a  horseshoe-shaped  flap, 
the  base  of  which  lies  a  little  below  the  level  of 
the  fracture  and  the  lateral  margins  well  beyond  the 
borders  of  the  patella.  In  some  cases  a  median 
vertical  incision  or  a  horizontal  one  suffices.  After 
being  exposed  the  fragments  are  drawn  apart,  and  all 
blood  and  serum  are  washed  out  of  the  joint  cavity  with 


Fig.  63.— Transverse  Fracture  of       Fig.  64.— Transverse  Fracture  of 
Patella,  secured    l)y    Laue's  Patella,  wired. 

Plate. 


saline  solution  or  mopped  out  with  moist  gauze.  The 
fibrinous  blood  clot  which  adheres  to  the  rough  surfaces 
of  the  fragments  is  removed  with  gauze,  and  any  fringe 
of  periosteum  that  may  hang  over  the  edge  of  the 
fractured  surface  is  raised  so  that  it  does  not  become 
interposed  when  the  fragments  are  approximated. 
According  to  the  number  and  arrangement  of  the  frag- 
ments, they  are  retained  in  position  by  a  steel  plate 
(Fig.  63),  or  by  silver  wire  sutures  passed  horizontally 
(Fig.  64).  In  drilling  the  bone,  care  is  taken  not  to 
impinge  on  its  articular  surface.  After  the  fragments 
have  been  approximated  the  wire  is  tightened  and  a  double 
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twist  put  upon  it ;  the  ends  are  then  cut  obliquely  and 
the  sharp  points  hammered  into  the  upper  fragment. 
The  tendinous  expansion  of  the  quadriceps  on  either  side 
of  the  knee  cap  is  then  stitched  with  catgut,  and  the 
wound  closed. 

Where  an  open  wound  is  contra-indicated,  the  sub- 
cutaneous suture  of  Barker  may  be  employed.    A  curved- 


Fia.  65.— Radiogiani  of  Transverse  Fracture  of  Patella,  wired. 

handled  needle  is  pushed  through  the  skin  and  patellar 
ligament  immediately  below  the  lower  fragment;  it  is 
then  guided  upwards  close  to  the  posterior  surface  of 
the  patella  and  made  to  emerge  through  the  quadriceps 
and  skin  immediately  above  the  upper  fragment.  The 
ucedle  is  threaded  with  strong  silver  wire,  then  with- 
drawn and  the  thread  removed.  Through  the  original 
opening,  the  needle  is  reintroduced  and  passed  upward 
close  to,  but  in  front  of,  the  fragments  and  made  to 


emerge  through  the  upper  opening.  The  needle  is 
threaded  again,  and  withdrawn,  so  that  the  wire  now 
surrounds  the  bone. 

The  fragments  are  approximated,  the  wire  tightened 
and  twisted,  the  excess  cut  off,  and  the  twisted  part 
buried  beneath  the  skin. 

The  objections  to  the  subcutaneous  operation  are  that 
it  does  not  permit  of  the  removal  of  fascia  or  periosteum 
between  the  fragments  nor  of  suture  of  the  quadriceps 
expansion. 

In  Fractures  of  long  standing,  the  bone  surfaces  must 
be  re-freshed  by  means  of  the  saw  or  chisel  and  all 
adhesions  separated  before  the  fragments  are  approxi- 
mated. When  the  upper  fragment  has  become  adherent 
to  the  femur,  it  must  be  separated.  If  the  fragments 
are  widely  separated  and  there  is  difficulty  in  bringiug 
them  into  apposition,  the  tubercle  of  the  tibia  may  be 
detached  and  displaced  upwards  (Lynn  Thomas) ;  or  the 
quadriceps  may  be  lengthened  by  multiple  V-incisions, 
or  a  flap  may  be  turned  down  from  the  rectus  femons 
and  stitched  to  both  fragments  of  the  patella  and  to  the 
patellar  ligament  (Rotter). 

Fracture  o!  both  bones  of  the  Leg.— The  mcision  is 
made  on  the  subcutaneous  aspect  of  the  tibia,  but  the 
plate  should  be  inserted  on  the  surface  of  the  bone 
which  faces  the  fibula. 

Fracture  of  the  Clavicle.— Operative  treatment  is 
called  for  in  compound  and  in  comminuted  fractures  when 
the  fracrments  have  injured  or  are  likely  to  injure  the 
subclavkn  vessels  or  the  cords  of  the  brachial  plexus. 
In  simple  and  uncomplicated  fractures,  it  is  rarely 
necessary  to  operate  to  correct  displacement  or  to  retain 
the  fragments  in  position.  The  seat  of  fracture  is  ex- 
posed, loose  fragments  removed,  and  the  ends  of  the 
bones  sutured  or  plated. 

Fracture  of  the  Upper  End  of  the  Humerus.- Access  to 
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the  fragments  is  obtained  by  an  incision  carried  between 
the  pectoralis  major  and  the  deltoid,  and  the  latter 
muscle  is  strongly  retracted  outwards,  care  being  taken 
not  to  injure  the  cephalic  vein.  If  there  is  difficulty  in 
getting  the  head  of  the  bone  or  the  tuberosity  into 
position,  it  should  be  drilled  and  have  a  screw-pin  with 
a  long  handle  inserted  into  it  to  afford  leverage  (Fig.  62). 
In  the  after-treatment,  the  arm  is  to  be  loaintained  in  the 
attitude  of  right-angled  abduction  for  ten  days  or  a 
fortnight,  and  then  from  day  to  day  the  angle  is  reduced. 

Fracture  of  the  Neck  of  the  Humerus  complicated  with 
Dislocation  of  the  Shoulder.— When  it  is  impossible  to 
reduce  the  dislocation  by  external  manipulation,  the  upper 
fragment  of  the  humerus  is  exposed  by  an  incision  over 
its  outer  aspect,  and  with  the  aid  of  M'Burney's  hook, 
Lane's  lever,  or  a  long  steel  screw  (Fig.  62)  sufficient 
purchase  can  usually  be  obtained  to  lever  the  head  into 
the  glenoid  cavity.  Before  the  wound  is  closed,  the 
fracture  is  adjusted  and  the  fragments  plated  or  wired 
in  position. 

Fracture  of  the  Shaft  of  the  Humerus  with  Implication 
of  the  Musculo-spiral  Nerve.— An  incision  is  made  on  the 
outer  aspect  of  the  arm,  and  the  nerve  is  first  exposed  and 
freed  from  pressure,  or  if  it  has  been  torn,  the  ends 
are  isolated  and  held  aside.  The  ends  of  the  bone  are 
then  mortised  into  one  another  or  fixed  by  means  of 
a  medullary  splint,  or  by  silver  wire  or  a  metal  plate  as 
may  be  found  most  appropriate.  The  ends  of  the  nerve 
are  then  sutured  and  buried  in  tlie  substance  of  the 
triceps  muscle,  or  insulated  by  tubular  suture  (p.  84). 
Special  care  must  be  taken  that  the  hand  is  fixed  in 
the  dorsi-flexed  position  during  the  after-treatment 

Fracture  of  the  Lower  End  of  the  Humerus.— According 
to  the  site  of  the  injury  tlie  incision  is  made  in  the 
middle  line  posteriorly,  or  in  the  line  of  the  inter-muscular 
septum  on  one  or  on  both  sides.    When  the  fragments 
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have  been  got  into  position,  there  may  be  no  tendency  to 
redisplacement  ;  shonld  there  be  such  tendency,  a  small 
steel  plate  or  a  suture  of  wire  or  catgut  is  inserted. 

Fracture  of  the  Olecranon  Process  is  treated  on  the 
same  lines  as  fracture  of  the  patella. 

Fracture  o£  the  Bones  o£  the  Forearm  may  be  treated 
in  the  same  way  as  fracture  of  the  bones  of  the  leg. 


OSTEOTOMY 

This  operation,  which  consists  in  making  a  clean  cut 
into  or  through  a  bone,  is  best  performed  by  means  of 
a  sharp  instrument  the  cutting  edge  of  which  is  equally 
bevelled  on  the  two  sides.  The  osteotome  devised 
by  Macewen  is  that  most  generally  employed.^  It  is 
made  in  three  sizes  and  has  a  graduated  scale  in  half- 
inches  marked  on  its  side.  The  part  to  be  operated 
upon  rests  upon  a  firm  sand-bag,  and  the  osteotome,  is 
driven  into  the  bone  by  means  of  a  steel  mallet. 

In  some  situations  a  saw  is  more  convenient.  If  the 
bone  to  be  divided  is  comparatively  superficial  and  can 
be  cleared  all  round,  the  Gigli  wire  saw  is  to  be  preferred. 
For  more  deeply  placed  parts,  for  example,  the  neck  of 
the  femur,  Adam's  osteotomy  saw,  as  modified  by  Eobert 
Jones  by  the  addition  of  a  hook-like  expansion  at  the 
free  extremity  of  the  blade,  is  more  suitable. 

In  usina  the  Adam's  saw,  a  short  incision  is  made 
down  to  the  bone,  the  soft  parts  are  cleared  from 
the  surface  with  a  raspatory  until  there  is  room  to 
admit  the  blade  of  the  saw,  which  is  carried  through  the 
bone  by  short  rapid  strokes.  The  use  of  Gighs  saw 
necessitates  a  longer  incision  and  a  freer  reflection  ot 
the  periosteum  to  admit  of  the  passage  of  the  flexible 
introducer  by  which  the  saw  is  carried  round  the 
bone  One  of  the  disadvantages  of  the  Gigli  saw  is 
its  liability  to  break  while  in  use.    This  can  to  a  large 
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extent  be  obviated  by  keeping  the  hands  as  wide  apart 
as  possible,  and  by  cooling  the  saw  by  irrigating  with 
cold  saline  solution.    When  not  in  use,  the  wire  saw 
should  be  kept  straight  and  not  coiled  up  in  a  roll. 
Osteotomy    for    Knock-  ^ 

KNEE    AND   BoW-KNEE.  It  is  V\ 

convenient  to  take  these  de- 
formities to  illustrate  the  two 
methods  of  performing  os- 
teotomy— the  linear,  which  is 
almost  a  subcutaneous  opera- 
tion, and  the  cuneiform, 
carried  out  through  an  open 
wound. 

Macewen's  classical  opera- 
tion for  knock-knee  may  be 
taken  as  the  best  example  of 
the  linear  type.  The  limb  is 
laid  on  its  outer  side  upon  a 
sand-bag;  at  a  point  where 
two  lines  meet — one  a  finger's 
breadth  above  the  patella,  the 
other  a  finger's  breadth  in 
front  of  the  tendon  of  the  1  ||  tiif)  \  %  ^hdmi 
adductor  magnus — the  knife  ^ 

is  in<-rnr1nr.orl   I'r,  +1,    1  .     -t IG.  66.— Macewen's  Operation 

...u.uuucuu  in  tne  long  axis  fo,  Knock-k  nee. 

Ot  the  hmb  and  made  to  cut  site  of  division  of  bone  indicated  bv 
dU'ectly  down  upon    the   bone       '^°^^<^^^  'ine;    the  epiphyses  in- 

through  the  substance  of  the 

vastus  internus.  The  incision  is  just  long  enough 
to  admit  the  largest  osteotome,  which  is  then  passed 
alongside  of  the  knife  down  to  the  bone  and  turned 
so  that  its  edge  is  at  right  angles  to  the  long  axis  of 
he  femur  (Fig.  66).  The  osteotome  is  grasped  with 
the  left  hand,  the  ulnar  border  of  which  rests  on 
the  hmb,  and  driven  through  the  bone  by  successive 


132 


blows  of   the  hammer,  the  osteotome  being  slightly 
withdrawn  or  rocked  laterally  between  the  strokes  so 
as  to  prevent  it  becoming  jammed.    After  the  cortex 
has  been  divided  through  fully  half  the  circumference 
of  the  bone,  a  finer  osteotome  is  passed  along  the  face 
of  the  first  and  substituted  for  it,  and  the  division 
continued  until  at  least  three-quarters  of  the  thickness 
of  the  bone  is  cut  through,  after  which  the  osteotome 
is  withdrawn.    The  wound  is  then  covered  with  gauze, 
and  one  hand  grasps  the  femur  at  the  site  of  operation 
and  the  other  the  leg  about  its  middle  and  forcibly 
abducts  the  latter  until  the  femur  breaks  across  with  an 
audible  snap,  after  which,  with  a  little  manipulation, 
the  deformity  is  easily  rectified.    There  is  some  oozing 
of  blood  from  the  bone-marrow,  but  it  soon  stops.  The 
wound  is  sutured,  and  the  limb  put  up  in  a  splint  for 
ten  days  with  the  toes  well  inverted,  or  weight  extension 
is  applied. 

The  condition  is  now  for  practical  purposes  to  be 
looked  upon  as  an  aseptic  compound  fracture  and  is 
to  be  treated  as  such. 

The  same  operation  may  be  performed  from  the 
outer  side  with  equally  satisfactory  results  (John 
Duncan). 

Eobert  Jones,  in  performing  this  operation,  divides 
the  femur  through  three-fourths  of  its  thickness  with 
his  modified  Adam's  saw,  and  he  recommends  that  the 
remaining  fourth  should  not  be  broken  across  until  after 
the  wound  has  healed. 

Cuneiiorm  Osteotomy  lor  Knock-knee  by  Open  Opera- 
tion.—The  advantage  of  the  open  operation  is  that  the 
operator  sees  exactly  what  he  is  doing,  and  the  rectifica- 
tion of  the  deformity  is  more  accurate.  The  operation 
we  practise  is  modified  from  that  of  Chiene  and  of  Ogston. 

With  the  limb  Hexed  at  the  knee  and  placed  upon 
its  outer  side  on  a  sand  pillow,  a  longitudinal  incision 
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is  made  on  the  inner  aspect,  about  two  fingers'  breadth 
in  front  of  the  adductor  magnus  tendon.  The  skin 
superficial  and  deep  fasciffi  having  been  divided,  the 
inner  edge  of  the  vastus  internus  is  exposed  and  drawn 
forcibly  outwards  and  upwards,  or,  the  fibres  of  the 
muscle  may  be  divided  in  the  line 
of  the  wound:  in  doing  this  one 
or  more  branches  of  the  anas- 
tomica  will  require  to  be  secured. 

The  soft  parts  are  widely  retracted 

so  as  to  give  an  ample  view  of 

the  inner   aspect  of   the  bone. 

At  the  lowest  part  of  the  wound 

the   superior    internal  articular 

artery  and  vein  cross  the  bone, 

and  should  be  secured  by  a  double 

ligature  before  being  divided.  By 

means  of  the  osteotome  a  wedge 

of  bone  is  removed  with  its  base 

on  the  inner  aspect  and  its  apex 

directed  towards  the  intercondy- 

loid  notch  but  not  encroaching 

on  the  epiphysial  cartilage  (Fig. 

67).    When  the  wedge  is  removed 

the  correction  of  the  deformity  is 

immediate   and   decidedly  more 

accurate  tlian  in  the  linear  opera- 
tion. 

In  extreme  cases  of  knock-knee 
m  which  there  is  a  tendency  to  outward  dislocation  of 
the  patella,  this  must  be  counteracted  by  over-correction 
of  the  deformity  in  the  direction  of  genu  varum. 

In  the  rare  cases  of  knock-knee  in  which  the  de- 
formity is  chiefiy  due  to  obliquity  of  the  tibia,  it  may 
be  necessary  to  remove  a  wedge  from  the  tibia  with 
Its  base   on  the  inner  aspect;    this  is  done  through 


Fug.  67.— Cimeifovm 
Osteotomy  for  Kuock-knee. 

The  epiphyses  are  indicated  by 
continuous  dark  lines. 
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a  horizontal  or  semilunar  incision  on  the  inner  aspect 
of  the  limb. 

Operation  for  Genu  Varum— For  this  deformity  it 
is  usually  necessary  to  perform  linear  osteotomy  or  to 
remove  a  wedge  from  the  inner  aspect  of  the  tibia 
below  the  epiphysial  line,  in  addition  to  linear  osteotomy 
of  the  femur  above  the  condyles.    The  tibia  is  exposed 


osteum  divided  and  reflected,  and  linear  or  cuneiform 
osteotomy  performed.  We  have  found  it  advantageous 
to  remove  a  segment  of  the  bone  by  means  of  the  Gigli 
saw  (Fig.  68).  In  the  adult  it  may  also  be  necessary 
to  divide  the  fibula  with  the  osteotome. 

Osteotomy  of  the  Upper  End   of  the  Femur. 

 ^.This    operation  is  most  frequently    called    for  to 

.  correct  the    deformity  resulting    from    neglected  hip 
joint   disease,  in   which    the    limb   is  fixed    in  the 


by  a  vertical  or  semi- 
lunar incision. 


Fig.  68. — Wedge-shaped  Eesectiou  of  Tibia 
for  Rickety  Curvature. 


Osteotomy  o!  the 
Tibia.  —  In  bow -leg 
and  other  deformities 
of  the  leg  resulting 
from  rickets,  it  is  as 
a  rule  only  necessary 
in  young  subjects  to 
operate  on  the  tibia, 
as  the  fibula  may  be 
bent  or  fractured  by 
manual  force.  After 
rendering  the  limb 
bloodless,    a  longi- 
tudinal or  semilunar 
incision  is  made  over 
the  most  prominent 
part  of  the  curve  of 
the  tibia,  the  peri- 
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position  of  ilexiou  with  adduction.  It  may  also  be 
required  in  cases  of  coxa  vara,  and  in  badly  united 
fractures  of  the  neck  and  trochanters  of  the  femur. 

Division  o£  the  Narrow  Part  of  the  Neck  o£  the  Femur 
(Adam's  Operation). — A  long    narrow-bladed   knife  is 
introduced    between    the    tensor    fascia3    femoris  and 
the   sartorius,  at  a 
point    one  finger's 
breadth    above  the 
great  trochanter,  and, 
with  its  blade  parallel 
with  Poupart's  liga- 
ment, is  pushed  on 
until   it  encounters 
the  neck  of  the  femur. 
An  Adam's  saw,  as 
modified  by  Jones,  is 
passed  alongside  the 
knife,  and  the  teeth 
of  the  saware  brought 
into  contact  with  the 
anterior  aspect  of  the 
neck   of   the   bone ; 
the    knife    is  then 
withdrawn  and  the 
neck    of    the  bone 
sawn  through.  When 
there    is  adduction 
deformity,   the  ten- 
dons of  the  adductor 
longus,  pectineus,  and  gracilis  may  require  to  be  divided 
subcutaneously ;    when   there   is  marked   flexion,  the 
muscles  and  fascife  in  front  of  the  joint  may  require 
to  be  divided.     The  limb  is  put  up  in  the  abducted 
position  (Fig.  288,  vol.  i.). 

Osteotomy  below  the  Trochanters  (Gant's  Operation).— 


Fig.  69. 


-Cuiieifoi-ni  Osteotomy  below 
tho  Trooliantci's. 


An  oblique  incision  is  m^ade  over  the  outer  aspect  of 
the  limb,  dividing  the  skin  and  the  tendon  of  the  gluteus 
maximus  at  the  level  of  the  base  of  the  great  trochanter. 
The  transverse  terminal  branch  of  the  external  circumflex 
artery  runs  parallel  to  the  incision.  The  bone  is  then 
divided  obliquely  downwards,  forwards,  and  inwards  so  as 
to  prevent  the  lower  fragment  being  displaced  inwards 
or  forwards  when  the  limb  is  abducted  (Kocher).  The 
limb  is  put  up  in  the  abducted  position.  As  the  level 
of  the  lesser  trochanter  is  about  two  inches  below  the 
top  of  the  great  one,  the  osteotome  should  be  applied 
about  half  an  inch  or  more  below  the  latter  (Burghard). 

Instead  of  a  linear  osteotomy,  a  wedge  may  be  re- 
moved with  its  base  directed  outwards  (Fig.  69). 

Trans-trochanteric  Osteotomy.  —  This  is  performed 
most  frequently  for  the  adduction  deformity  resulting 
from  hip  disease  or  coxa  vara.  The  osteotomy  may  be 
linear  (Fig.  70)  or  cuneiform  (Fig.  71).  An  oblique 
incision  with  its  centre  at  the  upper  margin  of  the  great 
trochanter  is  made  on  the  outer  aspect  of  the  limb,  and 
the  tendinous  expansion  of  the  gluteus  maximus  is 
divided  and  held  aside.  If  a  linear  osteotomy  is 
sufficient  to  correct  the  deformity,  the  bone  is  divided 
obliquely  from  above,  downwards,  forwards  and  inwards 
from  near  the  tip  of  the  great  trochanter  to  the  lesser 
trochanter.  If  a  cuneiform  resection  is  necessary,  irre- 
spective of  the  muscular  attachments,  a  wedge  is  re- 
moved with  a  large  osteotome  or  chisel,  the  base  of  the 
wedge  being  at  the  junction  of  the  great  trochanter  with 
the  neck,  and  the  apex  in  the  region  of  the  lesser  trochanter 
(Fig.  71).  The  size  and  shape  of  the  wedge  depend  on 
the^nature  of  the  deformity,  and  this  should  be  ascer- 
tained beforehand  by  means  of  stereoscopic  radiograms. 
To  enable  the  limb  to  be  put  up  in  the  desired  attitude 
of  abduction,  it  may  be  necessary  to  divide  the  contracted 
soft  parts  subcutaneously. 
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The  Lengthening  of  Bones  in 
Shortened  Limbs.— lu  a  shortened 
lower  extremity  the  femur,  or  the 
tibia  and  fibula,  as  the  case  may  be, 
may  be  split  longitudinally  as  in  the 
lengthening  of  a  tendon  (Fig.  72), 
after  which  the  soft  parts  are 
stretched  by  means  of  powerful 
traction,  and  the  fragments  of  bone 
are  pulled  out  from  one  auotber,  and 
fixed  by  plates  in  their  new  posi- 
tion (Anschiitz). 


Fig.  70.— Linear  Tnius-troclianteric  Osteotomy. 

Sub-periosteal  Resection  ot  a  Long  BonSo— For  the 

diffuse  form  of  tuberculous  osteomyelitis  met  with  in 
children,  opening  the  marrow  and  aLtemptiug  to  eradicate 


the  disease  with  a  gouge  and  sharp  spoon  is  not  sufficiently 
thorough,  and  the  most  satisfactory  treatment  is  suh- 
periosteal  resection  of  the  shaft  (H.  J.  Stiles).  The 
amount  of  bone  to  be  removed  can  be  fairly  accurately 
decided  upon  beforehand  by  means  of  skiagrams.  The 
incision  is  planned  so  as  to  expose  fully  the  affected 
segment  of  bone  and  at  the  same  time  to  do  the  least 
possible  injury  to  the  soft  parts.    The  periosteum  is  then 


incised  and  separated  all  round,  and  a  Gigli's  saw  is 
passed  round  the  bone,  which  is  sawn  across  beyond  the 
disease.  By  means  of  a  strong  hook  inserted  into  the 
medullary  canal,  the  divided  end  of  the  segment  to  be 
removed  is  forcibly  dragged  upon,  the  periosteum  is 
further  separated,  and  the  Gigli's  saw  again  applied 
beyond  the  other  extremity  of  the  diseased  portion.  If 
necessary,  the  diaphysis  may  be  removed  right  up  to 
the  epiphysial  cartilage.     When  the  oozing  has  ceased, 
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the  periosteal  tube  is  completely  closed  by  an  in- 
terrupted catgut  suture,  special  care  being  taken  to 
cover  the  sawn  ends  of  the  bone.  Any  fascia  which 
has  been  divided  is  also  stitched,  and  the  skin  wound 
closed  with  inter- 
rupted sutures.  The 
bone  is  usually  per- 
fectly re-formed  in 
from  three  to  six 
months. 

We  have  also  per- 
formed this  operation 
for  relapsing  forms 
of  staphylococcal  os- 
teomyelitis and 
for  syphilitic  lesions 
which  have  refused  to 
yield  to  less  severe 
measures. 

Resection  of  a 
Long  Bone  together 
with  the  Periosteum. 
— This  is  chiefly  called 
for  in  cases  of  my- 
eloma at  the  end  of 
the  diaphysis  of  a 
long  bone  in  young 
subjects.  It  may  be 
employed  also  in  early 
cases  of  sarcoma, 
which  were  formerly  subjected  to  amputation.  The 
amount  of  bone  to  be  removed  can  be  estimated  before- 
hand with  the  aid  of  skiagrams. 

As  the  periosteum  is  removed,  no  new  bono  will  be 
formed,  and  a  substitute  must  therefore  be  inserted. 
In  the  case  of  one  of  the  smaller  bones,  such  as  the 


Fig.  72.— Lengthening  of  Tibia. 
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radius,  the  ulna,  or  a  metacarpal  bone,  a  substitute  is 
easily  provided  from  the  patient's  fibula,  rib,  or  metatarsal, 
or  from  the  crest  of  the  tibia.  The  bone  selected  is  cut 
down  upon,  cleared  of  soft  parts  but  retaining  its  peri- 
osteum, and  a  portion  of  it,  somewhat  longer  than  the 


Fig.  73.— Radiogram  of  portion  of  Fibula  implanted  into  Humerus 
after  Resection  for  Sarcoma. 

gap  it  is  intended  to  fill,  is  removed  with  the  Gigli_  saw. 
The  simplest  method  of  implanting  the  graft  is  to 
shape  it  at  either  end  with  a  chisel  and  drive  it  into  the 
medullary  canal  (Fig.  73).  ,  n  f 

When  the  sarcoma  lias  erupted  through  the  shell  ot 
the  bone,  the  adjacent  soft  parts  must  be  sacrificed,  and 
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this  may  entail  damage  to  important  vessels  aud  nerves. 
In  resecting  the  humerus  for  sarcoma,  for  example,  a 
portion  of  the  musculo-spiral  nerve  may  have  to  be 
sacrificed,  in  which  case  the  upper  and  lower  ends  of  the 
nerve  may  be  inserted 
by  lateral  implanta- 
tion into  the  median 
or  musculo-cutaneous 
trunk. 

For  gaps  in  larger 
bones,  such  as  the 
humerus,  femur,  or 
tibia,  there  is  greater 
difficulty  in  providing 
a  substitute.  Ee- 
course  may  be  had  to 
bisecting  the  tibia  of 
the  patient  in  the 
greater  part  of  its 
length  (Fig.  74),  and 
using  one-half  as  a 
graft,  or  a  graft  may 
be  obtained  from  a 
recently  amputated 
limb,  or  even  from 
the  cadaver.  Kiittner 
removed  the  upper 
third,  including  the 
head  of  the  femur,  in 
an  adult  for  sarcoma, 
and  made  good  the  defect  by  inserting  the  corre- 
sponding portion  of  the  thigh  bone  from  a  man  who 
had  died  of  cerebral  tumour.  Four  months  later,  the 
healing  was  complete,  and  the  transplanted  portion  was 
firmly  united  to  the  shaft. 


Fic; 


74. — Resection  of  Sarcoma  of 
Lower  End  of  Tibia. 
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OPERATIONS  ON  TENDONS 

Tenotomy  :  Suhcutaneous ;    Open.    Lengthening  of  Tendons. 
Shortening  of  Tendons.   Transplantation  of  Tendons 

Tenotomy. — The  operation  of  suhcutaneous  tenotomy,  intro- 
duced by  Stromeyer,  consists  in  dividing  a  tendon  by 
means  of  a  short  narrow-bladed  knife  with  a  rounded 
stem  between  the  blade  and  the  handle.  The  tenotome 
is  made  to  puncture  the  skin,  and  the  blade  is  passed 
either  between  the  skin  and  the  tendon,  or  underneath 
the  tendon,  according  to  circumstances.  The  tendon  is 
then  put  upon  the  stretch  and  cut  across,  the  knife 
withdrawn,  and  the  puncture  covered  with  a  pad  of 
gauze. 

This  procedure  has  been  almost  entirely  replaced  by 
open  tenotomy,  the  tendon  being  exposed  through  an 
incision  which  is  usually  made  parallel  with  the  tendon, 
and  divided  under  the  guidance  of  the  eye.  By  the 
open  operation  the  division  of  the  tendon  is  more  accur- 
ately performed,  and  other  structures,  such  as  fascije 
and  ligaments,  can  be  dealt  with  through  the  same 
wound.  Further,  it  is  possible  to  lengthen  the  tendon, 
instead  of  merely  cutting  it  across,  and  in  many  conditions 
this  procedure  is  preferable. 

Lengthening  o£  a  Tendon  by  Open  Operation. — This 
operation  is  performed  in  preference  to  simple  tenotomy 
in  many  cases  of  club  foot,  particularly  when  the  tendo 
Achillis  is  contracted,  and  in  contractures  of  limbs  due 

li2 
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to  nerve  lesions.-  To  lengthen  the  tendo  Achillis,  for 
example,  an  iocision  is  made  to  one  side  of  the  tendon, 
above  the  level  where  it  is  immediately  subcutaneous. 
The  tendon  is  defined  and  is  divided  in  a  Z-shaped 


Gastrocnemius 


Leugthciied  teiulon 
overlapped  aud  stitched 


Fig.  75.— Lengthening  of  Teudo  Aehillis. 

manner,  the  distance  between  the  two  horizontal  limbs 
of  the  Z  corres])onding  to  the  amount  of  lengthening 
required.  The  position  of  tlie  foot  is  then  corrected 
and  the  tendon  sutured  as  is  shown  in  Fig.  75.  If  the 
horizontal  cuts  in  the  tendon  are  bevelled  from  abo^•e 
downwards,  broader  surfaces  are  obtained  for  suturing. 
We  have  found  this  nigiigi^ore  satisfactory  than  a 
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single  oblique  division  of  the  tendon  and  sliding  of 
one  segment  on  the  other,  or  than  the  various  plastic 
operations  by  flaps. 

Shortening  o£  Tendons.— The  simplest  means  of  short- 
ening a  tendon  is  to  resect  the  redundant  portion  by  two 
obliquely  parallel  incisions,  and  suture  the  ends  together 
with  fine  chromicised  catgut.  Another  method  is  to 
detach  the  tendon  at  its  insertion,  remove  a  portion,  and 

reinsert  it.  •  •  n 

Transplantation  o£  Tendons.— This  operation,  origmaily 
devised  by  Nicoladoni,  is  chiefly  called  for  in  cases  of 
anterior  poliomyelitis,  in  which  individual  muscles  or  groups 
of  muscles  are  paralysed.   The  operation  consists  in  di^dd- 
incT  the  tendon  of  an  active  muscle  as  close  to  its  msertion 
as^possible,  and  either  grafting  it  laterally  into  a  slit  m 
the  tendon  of  the  paralysed  muscle,  or  dividmg  the  latter 
tendon  and  joining  them  end  to  end.    Lange  of  Munich 
and  Jones  of  Liverpool,  who  have  done  much  to  develop 
the  techique  of  these  operations,  advise  that  the  rem- 
forcino-  tendon  should  be  attached  to  the  periosteum  by 
silk  sutures  rather  than  to  the  paralysed  tendon;  for 
example  if  the  quadriceps  femoris  is  paralysed,  one  or 
more  of  the  flexors  should  be  inserted  into  the  periosteum 
and  fascia  covering  the  lateral  edges  of  the  patella._  _  K 
the  reinforcing  tendon  is  at  a  distance  from  the  receiving 
tendon,  a  second  incision  is  necessary,  and  the  tendon  is 
carried  from  one  opening  to  the  otlier  throug^^i  a  tunnel 
bored  with  a  blunt  instrument.    If  the  tendon  is  too 
short,  it  is  prolonged  by  means  of  silk  threads ;  and  the 
reinforcing  tendon  should  run  as  nearly  as  possible  m 
a  straight  line,  as  a  good  deal  of  power  is  os  if  it  i 
carried  round  an  angle.    Particular  care  should  be  taken 
that  the  grafted  tendon  is  united  with  the  right  degree  of 
tension  so  that  the  desired  effect  may  be  produced  when 
the  muscle  contracts.    Active  movements  are  begun  m 
the  course  of  a  week  or  a  fortnight.  (See  also  vol.  n.  p.  8  2  ^ .) 
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OPERATIONS  ON  JOINTS 

General  Principles.     Definition  op  Terms  :  Arthrotomy— 
Excision  — Artliroljsis  or  Arthroplasty  —  Transplantation— 
Arthrodesis— Tapping  and  Irrigation  of  Joints.  Operations 
ON  Bones  and  Joints  op  Lower  Extremity:  For  Hammer- 
toe by  Resection  of  Head  of  First  Phalanx-For  Hallux  Valgus 
by  Resection  of  Head  of  First  Metatarsal— Resection  of  Tarsus 
by  Dorso-lateral  Incisions— Wedge  Resection  of  Tarsus  for 
Club-foot— Excision  of  Astragalus-Excision  of  Os  Calcis— 
Arthrotomy,   Arthrodesis,  and  Excision   of  Ankle  Joint— 
Mikulicz'  Osteo-plastic  Resection  of  Foot— Arthrotomy  and 
Excision  of  Knee  by  Kocher's  Incision-Removal  of  Articular 
burfaces  of  Femur  and  Tibia— Arthrotomy  for  Torn  Internal 
Semilunar  Cartilage-For  Tuberculous  Disease  of  the  Patella 
Operations  on  the  Hip  Joint:  Arthrotomy  by  Anterior 
Incision— Excision  for  Tuberculous  Disease— For  Anklyosis— 
For  Disease  of  the  Ilium  and  Sacro-iliac  Joint.    Operations  on 
Bones  and  Joints  op  the  Upper  Extremity:  On  Fin^^ers 
and  Hand-Bxcision  of  Wrist- Arthrotomy  and  Excision  of 
Elbow-Arthrotomy  and  Excision  of  Shoulder-Resection  and 
iotal  Excision  of  Scapula-For  Recurrent  Dislocation  of 
Shoulder. 

The  details  of  the  differeut  operations  performed  upon 
joints  vary  with  the  object  of  the  operation  and  with  the 
particular  joint  implicated,  and  are  most  conveniently 
considered  regionally.  There  are.  however,  certain 
general  principles  applicable  to  all  such  operations 
which,  to  avoid  repetition,  may  be  mentioned  here.  The' 
surgery  of  the  joints  was  first  put  upon  a  sound  basis  by 
VOL.  in. —  TO 
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the  work  of  Langenbeck,  Oilier,  and  Syme,  and  for  its 
more  modern  developments  we  are  most  mdebted  to 

Kocher.  . 

General  Principles  o£  Operations  on  Joints.— Opmion 
is  a  crood  deal  divided  as  regards  the  advantages  ^  of 
eraployino-  a  tourniquet  in  operations  upon  jomts.  The 
convenience  of  operating  in  a  bloodless  field  is  great,  but 
may  be  counterbalanced  by  the  increased  risk  of  reaction- 
ary hemorrhage,  which  interferes  with  the  healmg  of 
the  wound.    The  prolonged  application  of  a  constricting 
bandage,  moreover,   is   not   infrequently   followed  by 
paralysis  of  one  or  more  of  the  ^^-f  ^^^^/l^P^f 
upon     As  a  working  rule,  it  may  be  stated  that  if  the 
operation  is  likely  to  be  a  prolonged  one,  the  tournique 
should  be  dispensed  with ;  while  in  short  operations  it 
may  be  employed,  and  it  should  not  be  removed  unti  the 
dressings  and  bandage  have  been  applied  and  the  limb 

^^""^rhf'incido^i  made  to  expose  a  joint  should  be  as 
simple  as  possible  consistent  with  affording  free  access 
Langenbeci);    and  should  be  placed  m  the  mtei.^. 
between  muscles,  tendons  and  ligaments  in  order  that 
U     least  possible  damage  is  inflicted  on  soft  p^'ts,  and 
particularly  on  the  nerves  supplying  the  muscles  that 
ac    upo-  the  joint  (Kocher).     The  primary  mcision 
should  always  be  planned  so  that  it  can  be  extended  if  it 
s  found  necessary  to  perform  a  more  extensive  operation 
llr^as  at  firs'  conten^kated.         ^^^^^  ^^^l,^ 
"hooked"  or  J -shaped  incisions  employed  by  Kochei  the 

'^tf^r:^'^^n  upon  the  capsule,  special  care 
should       l^Ken  not  to  damage  the  small  branches  o 
uer    B  passing  to  muscles,  and  the  attachmen  s  of  t l  e 
Ccles' and  tendons  acting  upon  the  joint  should  be 
flisturbed  as  little  as  possible. 
1'he  capsule  is  divided  in  the  loug  ax,s  of  the  Iu„b 
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and  is  detached  in  continuity  with  the  periosteum  of  the 
adjacent  bones.  For  this  purpose  a  sharp-edged  instru- 
ment, such  as  an  osteotome  or  chisel,  is  employed  so  as 
to  raise  not  only  the  deeper  osteoblastic  layer  of  the 
periosteum  but  also  the  superficial  lamellte  of  the 
cortex  of  the  bone.  The  old-fashioned  periosteal 
elevator,  which  only  raises  the  fibrous  layer,  should  be 
discarded. 

It  is  most  important  to  preserve  the  attachments  of 
ligaments  and  tendons  to  bone,  and  the  plan  introduced 
by  Konig  and  Teilung  of  chiselling  off  the  bony  processes 
to  which  these  structures  are  attached,  and  subsequently 
securing  them  in  place  again  by  peg  or  suture,  has  much 
to  recommend  it. 

lu  performing  arthrotomy,  for  example  for  the 
removal  of  a  loose  body  or  detached  semilunar  cartilage 
It  IS  of  the  utmost  importance  not  to  handle  the  jofnt 
surfaces  unduly,  and  to  carry  out  all  manipulations  inside 
the  joint  with  mstruments  rather  than  with  the  finders 
All  haemorrhage  from  the  synovial  membrane  "and 
ligaments  should  be  arrested,  preferably  by  forci-pressure 
or  torsion,  before  the  capsule  is  sutured. 

In  operations  necessitating  the  removal  of  articular 
cartilage  and  bone,  the  amount  to  be  removed  is  deter- 
mined by  the  extent  and  disposition  of  the  disease,  and 
by    the   subsequent   function  of    the   joint  When 
or  example,  it  is  desired  that  ankylosis  should  occur 
between  the  exposed  bony  surfaces,  as  is  nearly  always 
the  case  at  the  knee,  the  ends  of  the  bones  should  be 
shaped  so  that  they  fit  into  one  another  in  such  a  way 
as  to  favour  sound  osseous  union,  and  they  may  be  fixed 
by  nails  or  pegs.    When,  on  the  other  hand,  a  movable 
jomt  is  aimed  at,  as  at  the  elbow,  the   ends  should 
be  moulded  into  the  shape  of  the  normal  joint,  and 
0  prevent  them  fusing  and    becoming  ankylosed,  a 
layer  of  fascia  or  other  soft  tissue,  comprising  if  possible 
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a  quantity  of  fatty  connective  tissue,  should  be  interposed 
between  them  and  stitched  in  position. 

The  dressing  should  be  an  abundant  one  for  purposes 
of  siipport  and  compression,  and  should  preferably  con- 
tain an  antiseptic  so  that  it  need  not  be  changed  for  ten 
days  or  a  fortnight.  The  limb  is  secured  on  a  suitable 
splint  or  other  appliance. 

Definition  of  Terms.— The  term  Arthiotomy,  or  in- 
cision of  a  joint,  is  employed  when  a  joint  is  opened  for 
purposes  of  exploration  or  of  drainage,  for  the  removal 
of  a  loose  body,  or  to  deal  with  a  displaced  or  torn  intra- 
articular cartilage.  i  . 

The  incision  is  planned  so  as  to  entnil  the  least 
possible  damage  to  the  soft  parts,  particularly  the  nerves 
supplying  the  muscles.  It  will  necessarily  penetrate 
through  skin,  aponeurosis,  capsule,  and  synovial  membrane, 
and  these  should  be  stitched  separately  in  closmg  the 
wound  If  further  oozing  into  the  joint  is  expected,  a 
drainage  tube  should  be  inserted,  as  thereby  much  pain 
from  tension  will  be  prevented. 

Excision  of  a  joint  implies  the  removal  of  all  the 
articular  structures  -  cartilage,  bone,  and  synovial 
membrane  -  because  they  are  either  so  diseased  or 
so  badly  injured  that  recovery  with  a  functionally 
useful  joint  cannot  be  expected.  French  and  German 
authors  use  the  term  "resection"  in  a  Bimilar  sense. 
The  term  arthredomy  has  been  employed  to  in- 
dicate the  removal  of  diseased  synovial  membrane  and 
a  ticular  cartilage  without  any  gross  mtei^erence  with 
tie  bones,  but  as  its  employment  in  this  sense  is 
^Lading  and  is  liable  to  cause  confusion,  it  should 

|:iv7long  agreed  with  K5nig  and  Kocher  in  teach- 
in.  that  the  day  of  "  typical  excisions  is  past.  When 
we  proceed  to  excise  a  joint  we  aim  at  removing  the 
I^ic'r  structures  that  are  diseased,  in  such  a  way  as 


ARTHROLYSIS 


149 


Flap  from 
triceps 


Humerus 
\    sawn  con- 
vexly 

.    Cut  surface 
triceps 


Fig.  76.-Arthroly8is  or  Arthroplasty  at  elbow  (after  Schmieden) 


Will  best  contribute  to  the  restoration  of  the  funct 
or  the  joint. 

Arthrolysis  or  Arthroplasty.-These  lu 
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imes  are  given 
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to  the  operation  which  is  designed  to  restore  mobihty 
to  an  ankylosed  joint.    The  method  of    Murphy  of 
Chicago  is  that  most  often  followed.    He  imitates  by 
art  what  occurs  in  nature  when  non-union  of  a  fracture 
is  due  to  the  interposition  of  soft  structures  between 
the  fragments.    The  bones  entering  into  the  joint  are 
freely  exposed,  and  the  union  between  them  divided ;  the 
articular  surfaces  are  shaped  in  the  way  that  will  best 
facilitate  their  movement  on  one  another,  and  are  made 
as  smooth  as  possible.    Any  contracted  structures  that 
will  interfere  with  the  desired  movements  of  the  jomt 
are  divided  or  lengthened.      In  the  upper  extremity 
there  need  be  no  hesitation  in  sacrificing  a  considerable 
amount  of  bone.    A  thick  layer  of  the  neighbouring  soft 
structures,  preferably  consisting  of  a  layer  of  fascia  with 
plenty  of  fat.  is  dissected  up  in  the  form  of  a  flap, 
inserted  between  the  ends  of  the  bones,  and  secured  m 
position  by  sutures.     The  soft  parts  are  then  brought 
together  and  the  wound  closed.    The  further  details  of 
the  operation  vary  in  the  different  joints. 

Transplantation  o£  Joints.-Attempts  have  been  made 
with  an  increasing  measure  of  success  to  replace  joint 
structures  which  have  been  destroyed  or  have  had  to  be 
removed,  by  the  corresponding  joint-structures  taken  from 
the  patient,  from  a  recently  amputated  limb,  or  from  the 
cadaver.  Lexer  of  Konigsberg  and  Tuffier  of  Pans  have 
recorded  remarkable  successes ;  the  former  inserted  the 
knee  ioint  from  a  recently  amputated  limb  into  a  girl 
aged  20,  whose  knee  joint  had  been  resected  for  disease, 
and  two  and  a  half  years  later  the  healing  was  quite 
sound  and  the  functions  satisfactory.  . 

Arthrodesis.-The  aim  of  this  operation  is  to  bring 
about  ankylosis,  and  it  is  chiefly  of  service  in  rendemg 
xnore  useful  the  flail-joint  of  a  paralysed  limb.  Poi 
example,  by  stiffening  a  flail  knee-joint  m  the  ex  ended 
TosiUon,  th'e  lower  Ua.b  may  be  rendered  capable  of 
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supporting  the  body  weight ;  while  by  ankylosing  a  flail 
elbow  in  the  flexed  position,  the  range  of  usefulness  of 
the  baud  may  be  greatly  increased. 

The  most  certain  way  of  producing  ankylosis  is  by 
removing  the  articular  cartilage  from  tl^e  ends  of  the 
boues  so  that  these  will  grow  together  like  the  fragments 
in  a  fracture.  The  incision  and  dissection  required  to 
expose  the  articular  ends  of  the  bones  vary  in  different 
joints ;  it  is  usual  to  remove  with  the  chisel  a  layer  of 
bone  along  with  the  articular  cartilage.  Sometimes  the 
ends  of  the  bones  are  fixed  to  one  another  by  nails  or 
plates,  and  external  support  must  be  provided  by  means 
of  a  splint  or  other  appliance  until  the  ankylosis  is  com- 
plete. Attempts  to  bring  about  ankylosis  solely  by 
driving  pins  through  the  bones  from  without  have  not 
beeu  successful. 

Tapping  and  Irrigation  of  a  Joint.— A  trocar  and 
cannula  are  pushed  in  through  the  overlying  integument, 
capsule,  and  synovial  membrane.  If  there  is  an  excess 
of  fluid,  it  will  escape  through  the  cannula  on  withdrawing 
the  trocar ;  the  irrigating  fluid  can  then  be  made  to  run 
in  by  gravitation  or  by  using  a  syringe. 

OPERATIONS  ON  THE  BONES  AND  JOINTS 
OF  THE  LOWER  EXTREMITY 

Operation  for  Hammer-toe  by  Resection  of  the  Head 
of  the  First  Phalanx  (Fig.  77).-A  longitudinal  incision 
IS  made  down  to  the  bone  on  either  dorsi-lateral  aspect  of 
the  toe;  the  extensor  tendon  is  held  aside  and  the  head 
of  the  first  phalanx,  after  being  cleared,  is  protruded  at 
the  wound,  and  removed  with  bone  pliers.  If  there  is 
a  corn  or  an  inflamed  bursa  on  the  dorsum,  this  is  also 
removed  by  an  elliptical  incision  carried  round  it. 

Operation  for  Hallux  Valgus  by  Resection  of  the  Head 
of  the  First  Metatarsal.  -In  pronounced  cases  of  hidlux 
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valgus  the  operation  devised  by  C.  H.  Mayo  yields  the 
best  results  (Figs.  78  and  79).  The  skin  is  first 
dissected  from  off  the  bunion  in  the  form  of  a  flap  with 
its  base  below,  and  then  the  bursa  is  outlined  by  a 
horseshoe-shaped  incision,  the  concavity  of  which  is 
directed  backwards,  and  folded  forwards.  The  head  of 
the  metatarsal  bone  is  now  removed  with  the  osteotome, 


Fig.  77.— Correction  of  Haniiner-toe  by  Koscction  of  the  Head 
of  the  First  Phalanx. 

and  the  end  of  the  shaft  rounded  off  with  bone  pliers. 
The  bursal  flap  is  then  turned  in  so  that  it  is  interposed 
between  the  divided  metatarsal  and  the  base  of  the  first 
phalanx,  and  is  held  in  position  by  two  catgut  sutures 
passed  through  and  knotted  over  the  skin  at  the  web. 
The  skin  flap  is  replaced  and  sutured  in  position. 

In  milder  cases  it  is  sufficient  to  excise  the  bursa 
and  chisel  off  the  projecting  i^ortion  of  the  head  of  the 
metatarsal  bone. 
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•         (i)  2nd  stage. 
Fig.  78.— Mayo's  Operation  for  Hallu.x  Valgus. 
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Resection   o£    the   Tarsus   by   Lateral  Incisions.— 

This  operation  is  usually  performed  for  tuberculous 
disease,  the  extent  of  which  is  determined  beforehand 
with  the  aid  of  skiagrams.    It  is  generally  necessary  to 


b 

Fig.  80.— Resection  of  Tarsus  by  Lateral  Incisions. 


resect  the  bases  of  the  metatarsal  bones  and  the  autenur 
row  of  the  tarsus  {tarso-metatarsal  rescchon),  but  if  the 
disease  is  more  extensive,  the  posterior  section  may 
require  to  be  made  through  the  astragalus  and  os  calcis 
{complete  anterior  tarscctomy). 
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The  internal  incision  extends  from  the  posterior  third 
of  the  first  metatarsal  bone  backwards  as  far  as  the  head 
of  the  astragalus,  the  posterior  part  of  the  incision 
dividing  the  skin  only,  so  as  to  avoid  opening  that  part 
of  the  ankle  joint  which  projects  forwards  on  to  the  neck 
of  the  astragalus  (Kocher)  (Fig.  80,  a).  The  attachment 
of  the  tibialis  auticus  to  the  first  metatarsal  and  internal 
cuneiform  is  divided,  and  the  cuneiform  and  scaphoid 
bones  are  exposed  and  cleared  on  their  under  aspect. 

The  external  incision  extends  from  the  posterior 
third  of  the  fifth  metatarsal  to  a  little  in  front  of 
the  external  malleolus  (Fig.  80,  5);  the  tendons  of  the 
peroneus  tertius  and  brevis  are  detached  from  the  base 
of  the  fifth  metatarsal,  and  that  of  the  longus  is  drawn 
from  its  groove  in  the  cuboid. 

Advantage  is  taken  of  both  incisions  to  clear  the 
bones  further,  first  on  the  dorsum  and  then  on  the  sole, 
and  by  means  of  the  key-hole  saw  they  are  divided  in 
front  and  behind  well  beyond  the  limits  of  the  disease. 
The  foot  is  shortened  but  is  quite  useful,  both  for 
support  and  movement. 

When  there  is  extensive  disease  in  the  soft  parts  as 
well  as  in  the  bones,  it  is  a  useful  plan  to  join  the 
anterior  ends  of  the  lateral  incisions  by  a  transverse  one 
across  the  dorsum,  thus  marking  out  a  flap  which,  on 
being  reflexed,  gives  good  access. 

Wedge-resection  of  Tarsus  for  Club-foot.— We  have 
found  Kocher's  method  of  performing  this  operation  the 
most  satisfactory.  The  incision  commences  over  the 
dorsal  aspect  of  the  astragalo-scaphoid  joint  and  passes 
obliquely  downwards  and  backwards  towards  the  outer 
border  of  the  heel.  The  musculo-cutaneous  nerve  is 
seen  lying  upon  the  fascia  at  the  upper  nngle  of  the 
wound,  and  tlie  short  saphenous  nerve  appears  at  its 
lower  angle :  these  nerves  are  drawn  aside,  and  one  or 
two  veins  are  seized  and  twisted.    After  division  of  the 


156 


OPERATIONS  ON  JOINTS 


fascia,  the  tendon  of  the  peroneus  tertius  appears  at  the 
upper  end  of  the  wound,  and  at  its  lower  part  are  the 
long  and  short  peroneal  tendons  in  contact  with  the  outer 
surface  of  the  os  calcis.    After  their  sheaths  have  been 
slit  up,  the  tendons  are  drawn  aside  with  blunt  hooks. 
The  capsule  is  divided  over  the  head  of  the  astragalus,  and 
the  joint  opened.    The  attachment  of  the  capsule  is  then 
separated  from  the  neck  of  the  astragalus  as  far  as  the 
groove  on  its  under  surface.     After  the  upper  border  of 
the  extensor  brevis  digitorum  has  been  exposed  and 
drawn  downwards,  the  calcaneo-cuboid  joint  is  opened. 
The  neck  of  the  astragalus  and  the  greater  process  of 
the  OS  calcis  are  now  divided  with  a  chisel,  and  drawn 
well  out  of  the  wound  with  a  sharp  double  hook,  so  that 
they  may  be  completely  freed  from  their  ligamentous 
connections  and  removed.    In  order  that  the  foot  may 
be  dorsi-flexed  to  less  than  a  right  angle  by  firmly 
pressing  together  the  osseous  surfaces,  it  is  necessary  in 
aggravated  cases  of  club-foot  to  shell  out  the  whole  of 
the  scaphoid  and  to  chisel  off  a  portion  of  the  cuboid. 
The  introduction  of  a  drainage  tube  is  not  necessary,  as 
there  is  no  cavity  remaining,  and  no  reactionary  haemor- 
rhage is  to  be  anticipated.    The  wound  is  closed  by  a 
continuous  suture.    The  foot  is  kept  dorsi-flexed  and  the 
knee  bent  by  means  of  a  plaster  of  Paris  bandage,  which 
extends  above  the  knee.    To  ensure  a  satisfactory  result 
it  is  generally  necessary  to  elongate  the  tendo  Achillis.'^ 

The  important  points  to  be  attended  to  are  to  obtain 
primary  healing,  and  to  see  that  the  deformed  attitude 
is  over  corrected. 

Excision  of  the  Astragalus  (Os  Talus).— When  removal 
of  the  astragalus  is  called  for  in  injuries  at  the 
ankle  joint,  the  incision  is  made  over  the  most  projecting 
part  of  the  bone.  In  club-foot  also  the  bone  projects 
on  the  dorso-external  aspect  and  is  cut  down  upon  over 
its  most  prominent  part. 
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In  tuberculous  disease  (the  condition  having  been 
demonstrated  by  the  X-rays)  the  bone  may  be  removed 
by  a  longitudinal  incision,  which  begins  on  the  anterior 
aspect  of  the  fibula,  a  hand's  breadth  above  the  ankle 
joint,  and  extends  downwards  over  the  outer  surface  of 
the  astragalus  to  the  base  of  the  fifth  metatarsal  bone. 
The  incision  enters  the  ankle  and  mid-tarsal  joints  and 
exposes  the  head  and  body  of  the  astragalus.  The 
capsule  of  the  joint  must  be  thoroughly  separated  from 
the  neck  of  the  bone,  and  the  next  most  important  step 
is  the  severance  of  the  strong  interosseous  calcaneo- 
astragaloid  ligament.  The  remaining  ligamentous  con- 
nections having  been  divided  and  the  foot  forcibly 
inverted,  the  bone  is  cleared  and  delivered. 

Jacobson  recommends  a  transverse  incision  between 
the  malleoli,  with  division  and  subsequent  suture  of  the 
tendons. 

Excision  of  the  Os  Calcis  (Calcaneus).— In  tuberculous 
disease  it  is  usually  sufficient  to  enlarge  any  existing  sinus 
or  to  make  an  incision  over  the  bone,  preferably  on  its 
outer  aspect,  and  by  means  of  the  spoon  and  gouge  to 
clear  out  the  diseased  marrow  and  spongy  bone,  after 
which  the  cavity  is  packed  and  treated  by  the  open 
method  until  it  fills  up  from  the  bottom. 

F or  sarcoma,  the  entire  bone  must  be  removed  along 
with  its  periosteum.  The  incision  recommended  by 
Farabceuf  begins  at  the  base  of  the  fifth  metatarsal 
bone,  and  is  carried  horizontally  backwards  just  above 
the  border  of  the  sole,  passing  round  the  posterior  aspect 
of  the  heel  to  the  posterior  part  of  the  greater  tuberosity 
of  the  OS  calcis.  A  vertical  incision,  parallel  to  and  a 
httle  in  front  of  the  tendo  Achillis,  meets  the  horizontal 
one  on  the  inner  aspect  of  the  heel. 

The  tendo  Achillis  is  detaclied  posteriorly,  and  tlie 
joint  capsule  at  the  posterior  and  outer  aspect  of  the  os 
calcis  together  with  the  calcaneo-fibular  band  of  the 
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external  lateral  ligament  is  divided.  The  peroneal 
tendons  are  drawn  upwards,  the  interosseous  ligament 
between  the  os  calcis  and  the  astragalus  is  cut  across, 
and  the  dorsal  and  plantar  calcaneo-cuboid  ligaments  are 
detached.  The  point  of  the  heel  is  drawn  well  over  to 
the  inner  side  to  expose  the  tendon  of  the  tibialis 
posticus,  which  is  then  displaced  upwards  and  over  the 
sustentaculum  tali.    Lastly,  the  os  calcis  is  seized  with 


Fig.  81. — Kocher's  J-shaped  incision  for  Artlirotomy  of  Ankle. 


a  strong  pair  of  forceps,  and  the  internal  lateral  ligament 
of  the  ankle  joint,  the  subjacent  calcaneo-astragaloid 
capsule,  and  anteriorly  the  ligaments  connecting  the  tibia 
with  the  scaphoid  and  os  calcis  are  detached  (Kocher). 

Landerer  recommends  a  mesial  longitudinal  incision 
extending  from  the  tendo  Achillis  over  the  heel  into 
the  sole  of  the  foot.  By  this  incision  he  removes  not 
only  the  os  calcis  but,  if  necessary,  the  other  bones 
of  the  tarsus.  He  asserts  that  the  scar  does  not  inter- 
fere with  walking. 
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Arthrotomy,  Arthrodesis,  and  Excision  of  the  Ankle 
Joint.- -lu  operations  for  tuberculous  disease,  free  access 
must  be  obtained  to  all  parts  of  the  ankle  joint,  to  the 
joint  between  the  astragalus  and  os  ealcis,  and,  if  possible, 
also. to  the  sheaths  of  the  peroneal  tendons  (Stiles). 

The  external  hooked  incision  of  Kocher  best  fulfils  these 


Peroneus  brevis -- 


External 
malleolus 
Peroueus 
longus 


Tibia 
,  Astragalus 


Divided 
.capsule  and 
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-Extensor 

digitoruai 

brevis 


External  saphenons  ,' 
vein  and  nerve 

Peroneus  lougus 
Peroueus  brevis' 
External  lateral  ligament 

Fig.  82.— Excision  of  Right  Ankle  by  Koclier's  incision,  1st  stage. 

indications  (Fig.  81).  It  begins  a  hand's  breadth  above 
the  external  malleolus,  about  midway  between  the  fibula 
and  the  tendo  Acliillis,  and  curves  round  the  external 
malleolus,  passing  fully  an  inch  below  it,  to  terminate  at 
the  outer  border  of  the  peroneus  tertius,  tliereby  avoid- 
mg  the  musculo-cutaneous  nerve.  The  sheatlis  of  the 
peroneus  longus  and  brevis  are  exposed  and  slit  upwards 
behmd  the  fibula  as  far  as  the  upper  end  of  the  wound. 
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To  obtain  the  best  access,  the  tendons  must  be  divided, 
but  each  is  secured  witli  silk  in  order  that  it  may  be 
sutured  at  the  end  of  the  operation.  The  periosteum  is 
separated  from  the  outer  and  lower  aspects  of  the  external 
malleolus,  and  the  ankle  joint  opened  into  in  front  of 
it  (Fig.  82).  The  capsule  is  detached  along  the  outer 
surface  of  the  astragalus,  and  the  three  bands  of  the 

Capsule  aud  separated  periosteum 


Fibula 


Tibia 


Exteusor 
<ligitorum 
brevis 
Astragalus 

Peroneus  brevis 
Peroueus  loiigus 


Peroueus 
'  brevis 
Peroueus  lougus 

Interior  lateral  ligament 
Fig.  83.— Excision  of  Eight  Ankle  by  Koclier's  incision  ;  the  foot  is 
dislocated  inwards. 

external  lateral  ligament  are  divided  close  to  their 
attachments  to  the  external  malleolus.  The  capsule, 
together  with  the  periosteum,  is  then  separated  from 
the  anterior  border  of  the  tibia  as  far  as  the  internal 
malleolus,  and  the  flap,  including  the  extensor  tendons, 
is  hooked  upwards.  The  structures  on  the  back  of  the 
fibula  are  also  separated  subperiosteally  so  as  to  leave 
tlie  tendon  sheaths  of  the  peronei  in  relation  to  the 
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periosteum  (Fig.  82).  The  foot  is  now  forcibly  dis- 
located inwards  over  the  internal  malleolus  until  the 
sole  looks  almost  directly  upwards,  as  shown  in  Fig.  83. 

This  admits  of  thorough  examination  not  only  of  the 
ankle  joint,  but  also  of  the  tibio-fibular  articulation,  and 
enables  the  surgeon  to  determine  whether  the  astragalus 
and  the  astragalo-calcanean  joint  are  so  involved  in  the 
disease  that  the  whole  astragalus  must  be  removed.  If 
the  astragalus  need  not  be  removed  completely,  excision 
of  the  ankle  joint  is  proceeded  with,  care  being  taken  to 
remove  all  diseased  tissue,  whether  involving  the  synovial 
membrane,  articular  cartilage,  or  subjacent  bone,  and  to 
shape  the  upper  surface  of  the  astragalus  so  that  it  fits 
into  the  tibio-fibular  arch.  It  is  rightly  claimed  by 
Kocher  that  this  method  of  operating  not  only  gives 
ample  access  to  all  parts  of  the  joint,  but  by  keeping 
intact  the  ligamentous  apparatus  upon  the  inner  aspect 
of  the  joint  as  well  as  the  support  of  the  external 
malleolus  on  the  outer  aspect,  provides  against  lateral 
displacement  of  the  foot. 

If  the  astragalus  must  be  sacrificed,  it'  is  freed  from 
its  attachments  to  the  anterior  annular  ligament,  the 
extensor  brevis  digitorum,  the  astragalo-scaphoid '  and 
deltoid  ligaments,  and  the  strong  interosseous  ligament 
which  binds  it  to  the  os  calcis  must  be  divided.  To  ensure 
union  between  the  tibia  and  the  os  calcis  without  de- 
formity, the  upper  surface  of  the  os  calcis  is  removed  hi 
the  form  of  a  wedge  with  its  base  directed  backwards, 
and  the  sustentaculum  tah  is  chiselled  off  (Stiles). 

In  the  after-treatment,  the  foot  must  be  kept  at  right 
angles  to  the  leg  by  means  of  a  plaster  of  Paris  bandage, 
or  a  box-spHnt  with  foot  piece. 

Mikulicz'  Osteo-plastic  Resection  of  the  Foot.— Total 
Tarsectomy.— This  operation  consists  in  removing  all 
the  tarsal  bones,  and  after  sawing  across  the  bases 
of  the  metatarsals  and  the  lower  ends  of  the  tibia 
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and  fibula,  briagiug  the  sawn  surfaces  into  apposition, 
so  that  the  metatarsals  assume  a  vertical  position 
continuous  with  the  long  axis  of  the  leg,  and  the 
patient  walks  upon  the  heads  of  the  metatarsals  with 
the  toes  dorsi-flexed  to  a  right  angle 

The  details  of 
the  operation  vary 
according  to  whether 
the  soft  parts  of  the 
heel  are  intact, or  are 
so  diseased  that  they 
must  be  removed. 

When  the  soft 
parts  are  intact,  the 
incision  begins  upon 


Fig.  84.— Radiogram  illustrating  Mikulicz'  Operation. 


the  tendo  Achilhs,  a  hand's  breadth  above  the  ankle 
joint,  passes  down  behind  the  external  malleolus  and 
peronei  tendons,  and  then  forward  to  the  middle  of 
the  fifth  metatarsal.  The  tendo  Achillis  and  periosteum 
are  separated  from  the  os  calcis,  the  peronei  freed  from 
their  sheaths  and  drawn  forwards,  and  the  insertions  of 
all  the  peronei  and  both  the  tibial  muscles  detached  from 
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the  individual  bones  of  the  tarsus.  The  blood  vessels 
and  nerves  are  preserved. 

When  the  skin  of  the  heel  is  destroyed,  a  transverse 
incision  is  made  across  the  sole  from  the  tuberosity  of  the 
scaphoid  to  a  little  behind  the  base  of  the  fifth  metatarsal 
(Fig.  84).     A  second  transverse  incision  is  made  on 
the  posterior  aspect  of  the  ankle,  stretching  between  the 
two  malleoli.    The  extremities  of  these  incisions  are 
joined  by  two  others  placed  one  on  each  lateral  aspect 
of  the  ankle  and  foot.    The  foot  is  dorsi-flexed  and  the 
ankle  jomt  is  opened  from  behind  and  the  soft  parts  are 
cleared  on  the  dorsal  aspect  of  the  tarsus,  care  being 
taken  to  preserve  the    dorsalis  pedis  artery  which 
through  Its  anastomosis  with  the  external  plantar  is 
the  mam  source  of  the  blood  supply  to  what  is'  to 
remain  of  the  foot.    The  anterior  section  is  made  well 
beyond  the  disease,  and  the  articular'  surfaces  of  the 
tibia  and  fibula  having  been  sawn  off  horizontally  the 
metatarsus  is  brought  into  Hne  with  the  bones  of'  the 
leg  and  maintained  in  this  position  by  wiring  the  bones. 
The  divided  ends  of  the  posterior  tibial  nerve  should  be 
sutured  If  possible,  but  this  is  not  of  much  importance 
as  the  intrinsic  muscles  are  of  very  little  use  in  the 
altered  foot.    When  the  wound  is  sutured,  the  soft 
parts  on  the  dorsum  are  unduly  redundant,  but  in  time 
the  excess  of  tissue  disappears.    The  desired  attitude 
of  the  hmb  should  be  maintained  during  healing  and 
convalescence.  5 

Externa  J-I„cision -This  operation  has  the  advantage 
of  affording  access  to  all  the  diseased  tissues  and  at  the 
intact        '"'"'"'''^        quadriceps  extensor  apparatus 

The  incision,  which  begins  over  the  vastus  externus  a 
hands  breadth  above  the  upper  border  of  the  patella 
passes  vertically  downwards  a  finger's  breadth  externa! 


164 


OPERATIONS  ON  JOINTS 


to  this  bone,  and  then  curves  slightly  inwards  to  end  at 
the  anterior  border  of  the  tibia  just  below  its  tubercle. 
In  the  upper  part  of  the  wound  the  muscular  fibres  of 
the  vastus  externus  are  exposed;  lower  down  is  its 
aponeurotic  tendon,  which  forms  that  part  of  the 
capsular  Ugament  known  as  the  external  lateral  patellar 
ligament.  These  structures '  along  with  the  subjacent 
synovial  membrane  are  divided  along  the  whole  length 
of  the  wound,  and  the  joint  is  freely  opened.  The 


Fig.  85.— Kocher's  external  J-incision  for  Excision  of  Knee-joint. 

insertion  of  the  patellar  ligament  is  next  detached  along 
with  the  tubercle  of  the  tibia  and  the  periosteum  mi- 
mediately  below  it ;  in  the  adult,  the  tubercle  is  detached 
with  the  chisel;  in  the  child  the  knife  suffices  as  the 
tubercle  is  cartilaginous.  The  whole  of  the  lower  part 
of  the  quadriceps  apparatus  is  dislocated  to  the  mner 
side  and  at  the  same  time  is  turned  inside  out  so  that 
the  cartilaginous  surface  of  the  pateUa  is  directed  for- 
wards The  interior  of  the  joint  is  now  freely  exposed, 
especially  if  the  lateral  ligaments  are  detached  sub- 
periosteally  from  the  femoral  condyles.    The  anterior  ends 
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of  the  semilunar  cartilages  are  separated  from  the  tibia 
and  the  attachments  of  the  crucial  ligaments  are  divided 
in  order  that  the  leg  may  be  completely  flexed. 

The  synovial  membrane  can  now  be  removed  with 
toothed  forceps  and  knife,  aided  by  scissors  curved  on  the 


flat;  it  is  desirable  that  the  upper  pouch  should  be 
dissected  out  entire. 

The  removal  of  the  articular  mrfaces  of  the  femur  and 
tibia  may  be  carried  out  with  an  amputation  saw,  leaving 
two  flat  surfaces,  or  Kocher's  plan  may  be  followed  of  saw- 
ing the  tibia  concave  and  the  femur  convex  ;  whichever 
method  is  adopted  the  sawing  must  be  done  in  a  plane 
parallel  with  the  articular  surfaces.    The  cartilage  of 
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the  patella  is  now  removed  with  the  saw,  and  a  corre- 
sponding flat  surface  is  fashioned  for  it  on  the  femur  by 
sawing  off  the  remains  of  the  prominent  external  con- 
dyloid portion  of  the  trochlear  surface  of  the  femur. 

The  next  step  is  the  removal  of  the  remains  of  the 
synovial  membrane  from  the  back  of  the  joint,  and 
while  this  is  being  done  the  knee  should  be  flexed  and 
the  tibia  and  femur  drawn  as  widely  apart  as  possible 
so  as  to  stretch  out  the  posterior  ligament.  The  access 
is  improved  if  the  lower  end  of  the  femur  is  drawn  up- 
wards and  backwards  with  a  strong  double  hook  placed 
in'  what  remains  of  the  intercondyloid  notch.  The 
posterior  ligament  is  freed  from  synovial  membrane  and 
the  azygos  artery  secured  and  ligated ;  any  tuberculous 
membrane  about  the  sheath  of  the  popliteus  tendon 
should  be  followed  up  and  removed,  and  finally  a  careful 
search  should  be  made  for  any  sinus  leading  through 
the  posterior  ligament  into  an  abscess  in  the  popliteal 
space  or  into  the  semi-membranosus  bursa  (Stiles). 

Opinions  differ  as  to  the  best  means  of  securing  fixation 
of  the  bones.    We  believe  that  when  the  bones  do  not  fit 
closely  together  and  there  is  an  undue  amount  of  play 
between  them,  fixation  of  the  bones  simplifies  the  after- 
treatment    and    favours    osseous    union.  Following 
Annandale's  practice,  we  have  used  two  long  square 
nails,  each  driven  through  the  skin  over  the  tibia  and 
through  the  latter  obliquely  upwards  into  the  femur. 
They  become  loose  at  the  end  of  three  or  four  weeks 
and  are  then  easily  removed.    A  large  dressing  should 
be  applied  and  fixed  by  a  firm  bandage.    The  limb  is 
secured  in  a  box-splint  extending  well  up  to  the  thigh, 
or  by  a  long  splint  hke  that  used  by  Macewen  after  his 
operation  for  knock-knee.    At  the  end  of  three  or  four 
weeks  this  is  exchanged  for  a  Thomas'  knee -splint, 
which  is  to  be  worn  for  from  four  to  six  months.  Apart 
from  recrudescence  of   tuberculosis,  the  complication 
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Fig.  87.— Excision  of  Knee  by  Kocher's  Method,  2nd  stage. 

which  most  frequently  interferes  with  the  success  of  this 
operation  is  the  occurrence  of  flexion  or  of  varum 
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deformity.  They  are  most  likely  to  occur  in  children 
and  adolescents  in  whom  the  epiphysial  cartilages  are 
still  actively  functionating. 

Arthrotomy  of  Knee  for  torn  or  displaced  Internal 
Semilunar  Cartilage.— Meniscotomy. — In  the  majority  of 

cases  the  lesion  of 
the  cartilage  is  near 
its  anterior  end,  and 
the  joint  is  opened 
in  the  interval  be- 
tween the  patellar 
and  the  internal 
lateral  ligaments. 

Satisfactory  access 
may  be  obtained  by 
any  one  of  the  numer- 
ous incisions  that 
have  been  recom- 
mended: Annan  dale's 
incision  in  the  inter- 
articular  interval 
(Fig.  89) ;  Eobert 
Jones'  angled  incision 
along  the  inner  bor- 
der of  the  patella ; 
Kocher's  J  -  shaped 
incision  (Fig.  85); 
or  a  trans -ligament- 
ary  incision  (Fig.  88). 
When  the  diagnosis 
of  torn  internal  cartilage  is  certain  the  incision  of  Annan- 
dale  or  that  of  Jones  suffices ;  but  when,  as  is  frequently 
the  case,  the  nature  of  the  lesion  is  uncertain,  the 
trans-ligamehtary,  or  the  Kocher  incision  should  be 
employed,  as  these  give  access  to  all  parts  of  the  joint 
(Fig.  90). 


Fig.  88. — Traiis-liganientary  incision  to 
expose  Knee-joint. 
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The  limb  may  be  held  by  an  assistant  in  the  flexed 
and  slightly  abducted  position,  or  the  knee  may  be 
flexed  with  the  leg  hanging  over  the  end  of  the  table, 
as  is  recommended  by  Jones. 


Fig.  89.— Annandale's  incision  for  exposing  internal 
Semilunar  Cartilage. 

The  skin  incision  having  been  made,  the  capsule  and 
synovial  membrane  are  opened  horizontally  above  the 
semilunar  cartilage,  and  to  open  up  the  inner  side  of 
the  joint,  the  knee  is  further  flexed  and  the  tibia  rotated 
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outwards  on  the  femur.  If  the  cartilage  is  loose  or  torn, 
as  much  of  it  as  can  be  reached  is  removed  with  a  probe- 
pointed  knife.    If  the  cartilage  is  found  to  be  intact. 
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Fig.  90.— Exploration  of  Knee-joint  by  Trans-ligamentary  Incision. 

the  joint  must  be  further  explored.    We  have  found 
that  flexion  and  sudden  extension  of  the  joint  soiuetimes 
reveals  the  cause  of  tlie  derangement  in  the  form  of 
a  loose  body  or  pedunculated  tag  of  synovial  membrane. 
The  lesion  having    been   dealt  with,  the  synovial 
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membrane  and  capsular  ligament  are  separately  sutured 
with  catgut  and  the  skin  wound  closed.  If  there  is 
oozing  into  the  joint,  the  introduction  of  a  small  drain 
will  prevent  pain  and  rise  of  temperature  from  tension, 
but  the  necessity  for  this  should  be  avoided  if  possible 
by  arresting  all  bleeding  by  forci-pressure  before  closing 
the  wound.  The  application  of  a  posterior  splint,  such 
as  Heron- Watson's,  for  the  first  few  days  adds  to  the 
comfort  of  the  patient. 

Operation  for  Tuberculous  Disease  of  the  Patella.— 
When  the  patella  is  the  primary  seat  of  tuberculosis, 
the  whole  bone  should  be  removed  to  prevent  infection 
of  the  knee-joint.  The  skin  is  divided  by  a  mesial 
longitudinal  incision,  and  a  similar  incision  is  carried 
through  the  fascia  and  the  prepatellar  bursa;  the 
quadriceps  expansion  is  then  separated  from  the  edge 
of  the  patella  and  the  periosteum  is  stripped  off  the 
bone,  which  is  then  removed.  To  close  the  joint 
and  reconstruct  the  extensor  apparatus,  the  divided 
structures  are  brought  together  in  the  middle  line  by 
sutures. 

Operations  upon  the  Hip  Joint. — Arthrotomy  of  Hip 
Joint  by  Anterior  Incision  (Hiiter).— This  operation  is 
employed  to  obtain  access  to  the  front  of  the  joint  for 
purposes  of  drainage  in  purulent  effusions,  '  and  for 
fixation  of  the  fragments  in  fractures.  As  it  affords 
comparatively  little  space,  it  is  not  suitable  when  the 
whole  joint  has  to  be  explored  or  when  excision  is 
necessary. 

The  incision,  which  begins  just  below  the  anterior 
superior  spine  of  the  ilium,  passes  downwards  and 
slightly  inwards,  dividing  the  skin  and  the  fascia  lata, 
and  entering  the  muscular  interspace  between  the  tensor 
fascife  femoris  on  the  outer  side  and  the  sartorius  and 
rectus  on  the  inner  side.  In  the  lower  part  of  the 
wound  a  transverse  branch  of  the  external  circumflex 
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artery  is  usually  divided  and  must  be  secured.  The 
capsular  ligament  is  opened  horizontally,  its  edges  are 
held  apart,  and  the  neck  of  the  bone  is  exposed. 

Excision  ot  the  Hip  for  Tuberculous  Disease  by  Kocher's 


Fig.  91.— Kocher's  posterior  incisiou  for  Disease  of  Hip-joint. 

Method.— Kocher's  method  of  exposing  the  hip-joint 
from  behind  has  the  advantage  of  affording  free  access, 
not  only  to  the  head  and  neck  of  the  femur  but  also 
to  the  acetabulum  and  synovial  lining  of  the  capsule, 
so  that  the  extent  of  the  disease  can  be  accurately 
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determined ;  and  if  excision  is  found  necessary,  it  affords 
ample  space  for  this  being  done  thoroughly. 

The  patient  is  placed  on  his  sound  side,  with  the 
affected  limb  flexed  and  adducted ;  an  angular  incision 


Fig.  92.— Kochei-'s  Operation  for  Disease  of  the  Hip,  1st  stage. 


is  made,  the  upper  portion  extending  from  the  anterior 
superior  angle  of  the  great  trochanter  upwards  and  back- 
wards in  the  line  of  the  fibres  of  the  gluteus  maximus, 
and  the  lower  portion  downwards  and  backwards  to  the 
posterior  inferior  angle  of  the  great  trochanter  (Fig. 
91).  The  fleshy  portion  of  the  gluteus  maximus 
above  and    behind    the   trochanter   is    split   in  the 
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direction  of  its  fibres,  and  the  tendinous  portion  over- 
lapping the  trochanter  is  divided  until  the  upper  part 
of  the  tendinous  origin  of  the  vastus  externus  is  exposed 
(Fig.   92).      On  retracting  the  edges  of  the  gluteus 


maximus,  the  following  structures  are  exposed  from  above 
downwards  (Fig.  92):  a  layer  of  fatty  tissue  occupying 
the  hollow  above  and  behind  the  trochanter,  the  insertion 
of  the  gluteus  medius  covering  the  upper  and  anterior 
part  of  the  trochanter,  and,  lower  down,  the  vastus 
externus.    Below  the  gluteus  maximus  is  the  pyriformis, 
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and  still  lower  are  the  obturator  internus,  the  gemelli, 
and  the  upper  fibres  of  the  quadratus  femoris.  Tfie 
sciatic  vessels  and  nerves  are  not  usually  exposed. 

The  next  step  is  to  detach  the  insertion  of  the  gluteus 
medius  from  the  trochanter ;  in  the  child  this  is  easily 
done  with  the  knife,  a  slice  of  cartilage  being  included 
with  the  tendon.    In  the  adult,  the  hammer  and  chisel 
are  employed  to  detach  a  thin  layer  of  bone  along  with 
the  tendon  (Fig.  93).      By  retracting  the  separated 
insertion  of   the    gluteus  medius  well    upwards  and 
forwards  with  a  double  sharp  hook,  the  insertion  of  the 
gluteus  minimus  is  reached  and  may,  if  necessary,  be 
detached  from  the  anterior  border  of  the  trochanter.  If 
the  head  of  the  bone  is  in  the  acetabulum,  the  tendon 
of  the  pyriformis  is  also  detached  from  the  trochanter  and 
retracted  forwards  with  the  glutei,  or  if  the  head  has 
been  displaced  upwards,  it  is  retracted  backwards  with 
the  obturator  internus  and  gemelli,  after  they  have  been 
detached  from  the  trochanter.    The  posterior  part  of  the 
capsule,  after  being  fully  exposed,  is  incised  in  the  coronal 
plane  over  the  projecting  head  of  the  femur ;  this  step 
is  made  easier  if  the  assistant  flexes,  adducts  and  rotates 
the  thigh  inwards,  thereby  projecting  the  head  of  the 
bone  against  the  capsule.    The  opening  in  the  capsule 
IS  enlarged  up  to  the  acetabulum,  and  down  towards 
the  trochanter,  and  the  head  of  the  bone  is  made  to 
appear  through  it  by  rotating  the  limb  further  inwards 
and  pushing  the  thigh  vigorously  upwards  and  backwards 
If  the  hgamentum  teres  is  still  present,  it  should  be 
divided  at  its  attachment  to  the  femur ;  the  head  is 
then  dislocated  backwards  and  the  acetabulum  is  now 
accessible. 

At  this  stage  the  various  parts  of  the  joint  are  care- 
ully  examined  to  determine  the  nature  and  extent  of 
he  disease.    It  is  usually  necessary  to  remove  the 
head  and  neck  of  the  bone ;   for  this  purpose  a  Gigli 
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wire  saw  or  an  osteotome  is  employed,  and  the  sawn 
section  of  the  remaining  portion  of  femur  should  be 
examined  in  case  the  disease  has  extended  into  the 
trochanter. 

The  upper  end  of  the  femur  having  been  dealt  with, 
attention  is  directed  to  the  acetabulum,  any  diseased 
cartilage  being  removed  and  foci  in  the  bone  cleared 
out  with  the  spoon  and  gouge.  If  there  is  a  sequestrum, 
it  must  also  be  removed  along  with  the  surroundmg 
tuberculous  granulation  tissue. 

The  upper  end  of  the  femur  is  rounded  off  so  as  to 
fit  into  the  bottom  of  the  acetabulum  in  the  abducted 
position.  The  diseased  synovial  membrane  is  removed 
with  the  spoon  and  scissors,  and  finally  iodoform  paste 
is  rubbed  into  all  the  raw  surfaces.  The  opening  in 
the  capsule  and  the  separated  muscles  are  then  brought 
together  with  catgut  sutures  and  the  skin  wound  closed 
without  drainage. 

It  is  of  the  first  importance  that  the  limb  be  main- 
tained in  an  attitude  of  abduction,  of  such  a  degree  that 
the  femur  occupies  the  line  correspondmg  to  the  origuaal 
direction  of  the  neck  of  the  bone,  the  attitude  being 
maintained  by  Stiles'  abduction  splint  (Fig.  288,  vol.  i.). 
To  ensure  this  attitude,  it  may  be  necessary  to  divide  the 
gracilis,  adductor  longus,  adductor  brevis,  and  inner  part 
of  the  adductor  magnus. 

When  the  wound  is  healed,  the  abduction  splint  is 
replaced  by  a  case  of  plaster  of  Paris,  extending  from  the 
mid-thorax  to  the  instep,  in  which,  wearing  a  patten  on 
the  sound  limb,  the  child  is  able  to  get  about  on 
crutches.  The  body  weight  should  not  be  borne  on  the 
unsupported  limb  until  at  least  six  months  after  the 
operation. 

Reduction  o£  Congenital  Dislocation  of  the  Hip  by 
Open  Operation. — Operation  is  indicated  in  cases  m 
which  reduction  by  other  methods  has  failed.  The 
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method  usually  employed  is  the  Lorenz  modification  of 
the  operation  introduced  by  Hoffa  in  1890 — the  Roffa- 
Lorenz  Operation. 

The  child  is  laid  on  its  back  and  an  incision  is  made 
downwards  and  inwards  from  the  anterior  superior  spine 
of  the  ilium.    After  the  fascia  lata  has  been  split,  the 
interspace  between  the  sartorius  and  rectus  on  the  inner 
side,  and  the  tensor  fasciae  femoris  and  glutei  muscles  on 
the  outer  side  is  opened  up,  and  these  muscles  are  widely 
retracted,  until  the  capsule  of  the  joint  is  exposed.  The 
joint  is  then  opened  sufficiently  to  expose  the  whole  head 
and  neck  of  the  femur.    If  more  space  is  required,  the 
muscles  may  be  detached  from  the  crest  of  the  ilium  in 
the  immediate  vicinity  of  the  anterior  superior  spine 
The  remains  of   the   ligamentum  teres  having  been 
removed,  the  head  of  the  femur  is  pulled  away  from  the 
innominate  bone  so  that  the  cavity  of  the  acetabulum 
and  the  upper  part  o\  the  capsule  may  be  inspected.  If 
there  is  a  marked  constriction  of  the  capsule  it  should  be 
stretched  by  a  dilator,  or  divided  with  a  probe-pointed 
bistoury.    If  the  acetabulum  is  sufficiently  well  formed 
to  receive  the  head  of  the  bone,  an  attempt  at  reduction 
is  at  once  made.    If  the  socket  is  filled  with  fibro-fatty 
material,  this  must  be  cleared  out  with  a  sharp  spoon  ; 
if  it  is  too  shallow  to  lodge  the  head  of  the  bone  securely 
it  must  be  enlarged  and  deepened  by  gouges,  burrs,  or 
other  suitable  instruments.    The  cartilage  covering  the 
head  of  the  bone  must  be  preserved  in  order  to  obtain 
a  movable  joint. 

Every  care  must  be  taken  that  the  head  of  the  bone  is 
securely  lodged  in  the  acetabulum,  and  that  it  is  not 
allowed  to  escape  therefrom  during  the  subsequent 
manipulations.  The  capsular  ligament  is  closed  with 
sutures,  the  muscles  and  the  fascia  lata  brought  together, 
and,  on  account  of  the  oozing  which  is  usually  present,  a 
dram  is  inserted  for  twenty-four  hours.    The  limb  is 
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then  put  up  in  a  plaster  of  Paris  case  in  the  position  of 
marked  abduction.  At  intervals  of  about  a  month  the 
case  is  renewed,  the  degree  of  abduction  being  diminished 
each  time.  In  our  experience  the  operation  is  a  difficult 
one;  the  results  of  it  should  be  controlled  by  X-ray 
photographs. 

Operations  for  Ankylosis  at  the  Hip.— In  addition  to 


Fig.  94.— Robert  Jones'  Operation  for  Ankylosis  at  the  Hip. 


those  that  have  been  described  with  Osteotomies  (p. 
135),  mention  must  be  made  of  the  operation  devised 
by  Kobert  Jones  for  making  a  false  joint  in  the 
position  of  the  neck  of  the  femur  (Fig.  94).  It  is 
especially  suitable  for  those  cases  of  tuberculous  disease 
which  have  resulted  in  ankylosis  in  a  bad  position, 
and  in  which  the  head  and  neck  of  the  bone  have 
been  preserved.  A  longitudinal  incision  is  made  with  its 
centre  at  the  upper  border  of  the  great  troclianter,  and 
a  second  incision  divides  the  periosteum  across  the  base 
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of  the  trochanter  just  below  the  insertion  of  the  gluteal 
muscles.  A  slice  of  the  trochanter  from  this  point 
to  its  junction  with  the  neck  above  is  separated  with 
a  wide  osteotome  and  retracted  upwards.  The  capsule 
is  opened  and  the  neck  separated  from  the  head  with 
the  osteotome.  Extension  is  now  applied  to  the  femur, 
and  the  trochanter  with  its  muscles  attached  is  fixed 
to  the  head  of  the  bone,  which  remains  in  the  acetabulum. 

Operation  for  Disease  of  the  Ilium  and  Sacro-iliac 
Joint. — Kocher  quotes  Sprengel  as  having  devised  an 
incision  which  gives  free  access  to  the  outer  surface  of 
the  ilium  and  to  the  upper  and  posterior  parts  of  the 
acetabulum.  It  is  carried  along  the  crest  of  the  ilium 
to  the  anterior  superior  spine,  whence  it  passes  down- 
wards into  the  thigh  between  the  tensor  fasciaB  femoris, 

muscles   and  the 

periosteum  are  stripped  off  the  ilium  from  above  down- 
wards with  a  sharp-edged  instrument,  forming  a  flap 
which  can  easily  be  replaced.  Access  to  the  sacro-iliac 
joint  is  obtained  by  an  incision  commencing  at  the 
posterior  iliac  spine  and  carried  along  the  crest  of 
the  ilium.  The  muscles  and  periosteum  are  stripped 
as  in  the  preceding  operation,  and  by  means  of  the 
chisel  or  saw,  the  posterior  part  of  the  ilium  is 
removed.  In  the  majority  of  cases  there  is  an  abscess 
which  must  also  receive  attention. 


OPERATIONS  ON  BONES  AND  JOINTS  OF 
THE  UPPER  EXTREMITY 

Fingers  and  Hand.— To  avoid  the  arteries  and  nerves, 
and  the  tendons,  incisions  must,  if  possible,  be  made  on  the 
lateral  aspect,  and  the  further  they  extend  towards  the 
tip  of  the  fingers  the  nearer  must  they  be  to  the  dorsum. 
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Towards  the  base  of  the  first  phalanx,  it  is  better,  when 
a  choice  is  possible,  to  make  the  incision  on  the  ulnar 
aspect,  because  the  lumbrical  muscles  wind  towards  the 
radial  aspect. 

In  the  hand,  special  care  must  be  taken  to  avoid  the 
superficial  and  deep  palmar  arches.    As  landmarks  for 
incisions  in  the  region  of  the  wrist,  there  are:  the 
pisiform  bone  with  the  insertion  of  the  flexor  carpi 
ulnaris,  on  the  radial  side  of  which  may  be  felt  the  ulnar 
vessels  and  nerve;  below  the  pisiform  bone  and  to  its 
ulnar  side,  lies  the  projecting  body  of  the  unciform  bone, 
upon  which  the  dorsal  branch  of  the  ulnar  nerve  can  be 
felt;  a  thumb's  breadth  below  and  somewhat  to  the 
radial  side  of  the  pisiform  is  the  hook  of  the  unciform, 
below  which  curve  round  the  deep  branches  of  the 
ulnar  artery  and  nerve ;  the  superficial  sensory  division 
of   the  ulnar   nerve   can  be   felt   through   the  skin 
and  rolled  from  side  to  side  over  the  hook  of  the 
unciform;   lastly,  immediately  above  the  ball  of  the 
thumb  is  the  projection  of  the  trapezium,  over  which 
the  superficial  volar  branch  of  the  radial  artery  descends 
to  complete  the  superficial  palmar  arch. 

For  access  to  a  metacarpal  bone,  a  dorsal  incision  is 
employed. 

Excision  o!  the  Wrist  (Fig.  95).— We  shall  here  describe 
the  operation  by  a  single  ulnar  incision,  which  was 
practised  by  Patrick  Heron- Watson  ;  its  chief  merits  are 
its  simplicity  and  the  unobtrusiveness  of  the  scar.  The 
classical  methods  of  Lister,  Langenbeck  and  Kocher  are 
described  in  the  larger  works  on  Operative  Surgery. 

The  incision  commences  over  the  ulna  about  two 
inches  above  the  styloid  process,  and  passes  downwards 
between  the  tendons  of  the  extensor  and  the  flexor  carpi 
ulnaris  to  the  middle  of  the  fifth  metacarpal  bone  on  its 
ulnar  aspect.  The  extensor  carpi  ulnaris  is  cut  near 
its  insertion  into  the  base  of  the  fifth  metacarpal  and 
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raised  with  the  skin  and  other  soft  parts  on  the  dorsum, 
and  the  common  extensor  tendons  are  raised  and  the 
whole  of  the  dorsal  aspect  of  the  carpus  denuded.  The 
next  step  is  to  clear  the  palmar  aspect  of  the  lower  end 


Bases  of  metacarpals  2-5 


Hook  of  unciform 


Trapezium 


Muscles  of  liypothenai 


emmence 


Extensor  carpi 
radialis  brevior 


Extensor  poll: 
Ion 

Extensor-  carpi 
■adialis  longior 

Pronator 
quadratus 


Flexor  tendon 
sheath 


Pisiform 
bone 


Fig.  95.— Excision  of  Right  Wrist  by  Single  Ulnar  Incision. 

of  the  ulna  and  the  carpal  bones,  and  in  doing  this  the 
pisiform  and  the  hooked  process  of  the  unciform  are 
severed  from  the  rest  of  the  carpus,  the  former  by 
dividing  its  capsular  ligament  with  the  knife,  the  latter 
with  cutting  pliers.  The  lower  end  of  the  ulna  is  then 
cleared,  protruded  from  the  wound,  and  cut  across  with 
the  wire  saw.    The  bones  of  the  carpus  are  now  removed 
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seriatim  with  the  pliers  or  gouge ;  the  trapezium,  how- 
ever, if  healthy,  may  be  left. 

The  lower  end  of  the  radius  is  next  cleared  and 
protruded  at  the  wound,  and  a  slice  removed  with  the 
wire  saw ;  the  bases  of  the  second,  third,  fourth  and  fifth 
metacarpals  are  similarly  dealt  with,  but  the  base  of  the 
first,  if  healthy,  may  be  preserved.  The  wound  is  closed, 
except  in  cases  in  which  there  is  mixed  infection  when 
it  is  packed  throughout  with  iodoform  worsted,  which 
need  only  be  changed  at  intervals  of  from  ten  to  fourteen 
days. 

Throughout  the  after-treatment  the  hand  must  be 
maintained  in  the  attitude  of  marked  dorsiflexion, 
while  the  phalanges  are  flexed  towards  the  palm.  We 
have  not  found  the  splint  introduced  by  Lister  for  this 
purpose  so  efficient  as  a  shaped  splint  made  of^  thin 
metal,  which  may  be  replaced  later  by  a  moulded  wristlet. 

As  the  aim  of  the  operation  is  to  secure  close  fibrous 
ankylosis  between  the  metacarpus  and  the  bones  of  the 
forearm,  and  to  preserve  the  movements  of  the  fingers, 
active  and  passive  movements  must  be  commenced  early 
and  persevered  with  throughout. 

Arthrotomy  and  Excision  o£  the  Elbow.— For  tuberculous 
disease,  Kocher's  method  deserves  the  preference  because 
it  gives  the  freest  access  to  the  joint  with  the  least  inter- 
ference with  the  muscles  and  their  nerve  supply.  With 
the  elbow  almost  completely  extended  and  restmg  on  its 
ulnar  border  on  the  chest  of  the  patient,  an  mcision  is 
made,  beginning  at  the  external  supra-condyloid  ridge 
two  or  three  fingers'  breadth  above  the  level  of  the 
ioint,  passing  vertically  downwards  to  the  head  of  the 
radius,  and  thence  along  the  outer  border  of  the  anconeus 
to  the  posterior  border  of  the  ulna,  about  three  inches 
below  the  tip  of  the  olecranon,  and  finally  curving  inwards 
over  the  inner  surface  of  the  ulna  (Fig.  96).  ihe 
upper  part  of  the  incision  sinks  in  between  the  brachio- 
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radialis  and  the  radial  extensors  in  front,  and  the  triceps 
behind.  In  its  lower  part  it  passes  down  to  the  bone, 
between  the  extensor  carpi  ulnaris  and  the  outer  border 
of  the  anconeus,  and  divides  the  strong  capsule  over  the 
head  of  the  radius.  It  will  be  observed  that  the  incision 
corresponds  accurately  to  the  interval  between  the 
muscles  supplied  by  the  branches  of  the  musculo- 
spiral  and  those  supplied  by  the  posterior  interosseous. 
The  outer  head  of  the  triceps,  with  the  periosteum  and 
upper  part  of  the  capsule  are  detached  subperiosteally 


Fro.  96.— Kocher's  External  Incision  for  Excision  of  the  Right  Elbow. 


from  the  humerus,  the  anconeus  from  the  posterior 
surface  of  the  ulna,  the  insertion  of  the  triceps  from  the 
tip  of  the  olecranon,  and  on  the  joint  being  extended,  the 
combined  flap  of  triceps  and  anconeus  is  displaced  over 
the  olecranon  to  its  ulnar  side  (Fig.  97). 

The  external  lateral  ligament,  the  attachment  of  the 
extensor  tendons,  and  the  capsule  attached  to  the  external 
condyle,  are  separated  subcortically  by  a  sharp  instrument 
and  drawn  forwards.  The  joint  has  now  become  so 
movable  that  the  forearm  can  be  completely  dislocated 
inwards  and  yet  the  extensor  apparatus  is  preserved  in 
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its  continuity  and  the  internal  lateral  ligament  is  still 
intact.  If  complete  resection  is  to  be  performed,  the 
internal  lateral  ligament  is  separated  along  with  a  shell 


Fig.  97.— Excision  of  Elbow  by  Kocher's  Metliod. 
(The  clearing  of  the  humerus  is  in  excess  of  requirements.) 


of  bone,  and  the  ends  of  the  bone  cleared  for  the  applica- 
tion of  the  saw.  The  olecranon  should  be  sawn  in  a 
curved  direction  in  order  to  preserve  the  attachment  of 
the  triceps. 

Kocher  places  the  limb  so  that  the  radius  and  ulna 
are  in  contact  with  the  humerus,  and  the  forearm  is  held 
upright  by  means  of  a  curved  splint.  We  are  in  the 
habit  of  putting  the  forearm  midway  between  pronation 
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and  supination,  and  in  an  almost  straight  line  with  the 
upper  arm.  When  the  wound  has  healed,  the  limb, 
although  extended  during  the  night,  should  be  supported 
with  a  sling  in  the  flexed  position  during  the  day. 
Active  movements,  guided  by  an  elastic  apparatus  or 
the  traction  of  a  weight  over  a  pulley,  should  be  com- 
menced as  early  as  possible. 

When  operating  for  ankylosis  at  the  elbow,  and  in 
cases  of  tuberculosis  in  which  the  disease  is  confined  to 
the  olecranon,  the  median  posterior  longitudinal  incision 
of  Langenbeck,  with  splitting  of  the  triceps,  is  to  be 
preferred. 

The  operation  for  arthroplasty  at  the  elbow  is  illustrated 
at  p.  149. 

Arthrotomy  and  Excision  of  the  Shoulder. — The  best 
access  to  the  shoulder  joint  is  obtained  from  the  front. 
The  incision  begins  upon  the  clavicle,  above  the  coracoid 
process,  and  passes  downwards  and  slightly  outwards 
along  the  anterior  border  of  the  deltoid.  The  cephalic 
vein  is  drawn  inwards  along  with  the  pectoralis  major 
muscle  and  the  deltoid  is  drawn  outwards  (Fig.  98); 
the  access  may  be  improved  by  dividing  some  of  the 
fibres  of  the  deltoid  close  to  the  clavicle,  and  the  descend- 
ing branch  of  the  acromio-thoracic  artery  must  usually 
be  secured. 

The  coracoid  process  and  the  muscles  attached  to  it — 
the  pectoralis  minor,  the  coraco-brachialis,  and  the  short 
head  of  the  biceps — are  well  seen,  and  at  the  outer 
border  of  the  last  named,  the  sheath  of  the  long  head  of 
the  biceps  is  opened,  and  the  tendon  thus  freed  is  drawn 
inwards  to  give  access  to  the  upper  end  of  the  humerus. 
The  tendon  of  the  subscapularis  inserted  into  the  lesser 
tuberosity  is  brought  into  view  by  rotating  the  humerus 
outwards,  and  along  with  the  capsule  is  separated  from 
the  bone  subcortically.  By  rotating  the  humerus  inwards 
the  supra-  and  infra-spinatus  and  the  teres  minor  muscles, 
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Fig.  98.— Excision  of  Right  Shoulder  by  the  Anterior  Incision, 

1st  stage. 


inserted  into  the  greater  tuberosity,  are  similarly  exposed 
and  separated.  It  is  now  possible  to  project  the  head 
of  the  bone  from  the  wound  and  to  investigate  the 


iMB.  99.— Excision  of  Right  Slioulder-Joiut  by  Anterior  Incision,  '2ncl  stage. 

condition  of  the  synovial  membrane  and  avticulav  sur- 
faces of  the  humerus  and  the  glenoid  (Fig.  98). 
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If  the  disease  in  the  humerus  is  superficial,  the  cartilage 
is  merely  pared  or  curetted ;  if  more  deeply  situated, 
the  head  is  removed  in  the  line  of  the  anatomical  neck. 
The  glenoid  is  similarly  dealt  with.  If  drainage  is  called 
for,  a  dressing  forceps  is  pushed  through  the  posterior 
capsule  and  brought  out  through  the  skin  opposite  the 
posterior  border  of  the  deltoid ;  a  rubber  tube  is  then 
seized  and  pulled  into  the  joint.  The  divided  capsule 
and  separated  muscles  are  stitched  with  catgut  and  the 
wound  closed. 

The  arm  is  put  up  in  the  attitude  of  right-angled 
abduction  and  is  maintained  so  for  two  to  three  weeks. 
The  angle  is  then  gradually  reduced  and  the  forearm 
supported  in  a  sling. 

Catterina  has  shown  that  access  to  the  joint  from 
the  front  may  be  improved  by  prolonging  the  incision 
upwards  over  the  clavicle  and  dividing  this  bone  at  the 
junction  of  its  outer  and  middle  thirds,  and  dislocating 
the  outer  portion  backwards  along  with  the  deltoid.  This 
method  may  be  employed  with  advantage  in  cases 
of  old  -  standing  sub  -  coracoid  dislocation  of  the 
humerus. 

Operation  for  Recurrent  Dislocation  of  the  Shoulder  — 

The  shoulder-joint  is  exposed  from  the  front,  as  already 
described.  If  the  edges  of  the  wound  cannot  be 
sufficiently  retracted  it  may  be  necessary  to  divide 
some  of  the  muscles  in  order  to  obtain  free  access. 
Mattress  sutures  are  then  inserted  through  the  capsule 
so  as  to  raise  a  vertical  fold  or  tuck  (Fig.  101).  An 
alternative  is  to  incise  the  capsule  and  overlap  the  edges 
in  bringing  them  together.  Openshaw  recommends  that 
the  subscapularis  should  be  detached  from  its  insertion 
into  the  lesser  tuberosity  and  united  to  the  deltoid. 
These  operations  are  easily  performed  on  the  cadaver, 
but  in  a  muscular  patient  the  parts  to  be  dealt  with  are 
difficult  of  access  (Fig.  101). 


RECURRENT  DISLOCATION  OF  SHOULDER  189 


Short  head  of  biceps  and  coraco-brachialis 


1  • 

Deltoid  split     |  I 
Tendon  of  latissimus  dorsi  | 
Pectoralis  major  with  part  of  insertion  divided 

Flc.  TOO,— Operation  for  Recurrent  Dislocation  of  Right  Shoulder, 

1st  stage. 
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Resection  and  Total  Excision  of  the  Scapula. — When 
suppurative  or  tuberculous  disease  has  resulted  in  necrosis 
of  a  part  of  the  scapula,  it  is  usually  possible  by  enlarging 
existing  sinuses  to  obtain  sufficient  access  for  the  removal 
of  the  sequestrum  and  infected  granulation  tissue.  The 
periosteum  being  preserved,  there  is  abundant  formation 
of  new  bone  and  the  restoi'ation  of  function  is  usually 
complete. 

When  the  scapula  is  the  seat  of  tumour  growth, 
not  only  the  periosteum  but  also  the  surrounding 
muscles  must  be  sacrificed,  and  movements  at  the 
shoulder-joint  may  be  permanently  lost.  The  operation 
thus  becomes  one  of  considerable  severity.  A  slightly 
ciu'ved  incision  is  made  along  the  acromion  and  spine 
of  the  scapula  to  meet  a  second  one  running  the 
whole  length  of  the  vertebral  border.  If  the  whole 
acromion  is  to  be  removed,  the  trapezius  and  deltoid 
muscles  are  cleared  from  it  and  the  acromio-clavicular 
joint  opened.  If  a  portion  of  the  acromion  is  to  be 
preserved,  the  muscular  insertions  are  retained  and 
the  bone  is  divided  with  the  saw  or  chisel  at  the 
point  selected. 

The  lower  triangular  flap  is  reflected  as  far  as  the 
upper  edge  of  the  latissimus  dorsi ;  the  finger  is  intro- 
duced under  the  exposed  border  of  the  deltoid,  and  the 
muscle  divided  close  to  the  spine  and  acromion. 

If  the  glenoid  portion  of  the  scapula  can  be  retained, 
muscle  after  muscle  is  cut  across,  and  an  elevator  or 
a  finger  introduced  between  them.  If,  however,  the 
glenoid  must  be  removed,  the  tendons  are  detached 
from  the  head  of  the  humerus  as  in  excising  the 
joint, — namely,  the  spinati  and  teres  minor  from  the 
greater  tuberosity,  the  sul^scapularis  from  the  lesser 
tuberosity,  and  farther  down  the  insertions  of  the 
latissimus  dorsi  and  teres  major  from  the  inner 
bicipital  ridge. 
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The  circumflex  nerve  and  the  posterior  circumflex 
artery  are  to  be  avoided,  or  the  latter  may  have  to 
be  ligated  at  the  lower  border  of  the  teres  minor, 
while  farther  back  the  dorsalis  scapulae  artery  must 
be  ligated. 

To  divide  the  trapezius,  the  finger  is  introduced 
beneath  it,  and  the  muscle  is  detached  along  the 
acromion  and  spine.  The  acromial  branches  of  the 
acromio-thoracic  artery  will  require  to  be  ligated  in 
separating  the  anterior  part  of  the  muscle. 

The  scapula,  which  has  now  become  movable,  is 
drawn  downwards,  and  the  muscles  attached  to  the 
coracoid  process,  the  omo-hyoid  at  the  upper  border, 
and  the  levator  anguli  scapulae  at  the  upper  angle, 
divided,  the  supra-scapular  artery  being  secured  at 
the  upper  border  of  the  bone,  and  the  posterior 
scapular  at  the  upper  part  of  the  vertebral  border. 
The  attachments  of  the  serratus  magnus  and  of  the 
rhomboids  at  the  vertebral  border  are  cut  across  and 
the  bone  is  removed. 

In  the  after-treatment  an  attempt  should  be  made 
to  provide  a  fixed  point  for  the  head  of  the  humerus. 
The  head  must  be  fixed  by  stitching  the  capsule  and 
any  available  stumps  of  tendons  to  the  clavicle.  The 
muscles  attached  to  the  coracoid  process  are  also 
sutured  to  the  clavicle.  The  upper  border  of  the 
deltoid  is  stitched  to  the  trapezius  and  adjacent 
muscles.  The  arm  should  be  placed  in  the  attitude 
of  hyper-abduction. 
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AMPUTATIONS 

Introduction.  General  Considerations.  Essentials  of  a 
Good  Stump  :  In  lower  extreviity ;  in  ^ipi^er  extremity.  Un- 
desirable Features  in  a  Stump.  Methods  of  Ampu- 
tating :  Incisions — Methods  of  forming  flaps — Choice  of 
Method.  Technique  of  Amputating  :  Tourniquets — Steps  of 
Operation — Concluding  Steps  of  Operation — After-treatment. 

Introduction. — Any  surgical  procedure  which  involves 
the  removal  of  the  whole  or  part  of  a  limb  is  con- 
veniently spoken  of  as  an  "  amputation."  For  descrip- 
tive purposes,  however,  it  is  customary  to  apply  the 
term  "  amputation "  to  an  operation  in  which  the 
limb  is  severed  between  two  joints  and  the  bone  is 
divided ;  the  term  "  disarticulation "  being  employed 
when  the  separation  is  effected  by  passing  through  a 
joint. 

The  advances  which  have  been  made  in  general 
therapeutics,  the  greater  attention  paid  to  morbid 
conditions  in  their  early  stages,  and  the  improvements 
in  conservative  operative  measures  now  render  it 
possible  to  cure  many  affections  which  previously 
necessitated  amputation.  The  improved  conditions  of 
industrial  life,  and  the  precautions  taken  to  protect 
work-people  from  injury  have  greatly  diminished  the 
number  of  accidents  which  call  for  amputation,  and  the 
improvement  in  tec])uique  and  other  advances  in  con- 
servative surgery  enable  many  injured  limbs  to  be  saved 
which  previously  would  liave  had  to  be  sacrificed. 
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The  use  of  anesthetics  and  the  employment  of 
accurate  means  of  preventing  haemorrhage  have 
abolished  the  necessity  for  great  rapidity  in  ampu- 
tating, and  have  led  to  the  abandonment  of  methods 
which  were  formerly  employed  solely  because  they 
rendered  it  possible  to  sever  a  limb  from  the  body 
in  so  many  seconds. 

The  reasonable  certainty  of  maintaining  asepsis  in 
the  wound  has  led  to  the  evolution  of  certain  osteo- 
plastic methods  of  amputating,  some  of  them  being  a 
little  more  complicated  and  tedious  than  a  simple 
severance  of  the  tissues,  but  yielding  a  stump  of 
greater  functional  efficiency. 

General  Considerations. — In  deciding  upon  the  pro- 
priety of  amputating,  and  in  planning  the  operation, 
it  is  necessary  to  consider  : — 

1.  The  nature  of  the  lesion  for  which  the  operation 
is  performed — whether  for  injury  or  disease.  In  either 
case,  all  the  grossly  damaged  tissue  must  be  removed, 
and  in  rapidly  spreading  infectious  and  in  mahgnant 
disease  a  considerable  margin  should  be  allowed  beyond 
this. 

2.  "Whether  it  is  an  upper  or  a  lower  extremity 
that  is  involved.  There  is  always  greater  hesitation 
in  sacrificing  even  a  portion  of  the  arm  than  of  the 
leg,  and  risks  may  be  run  in  the  attempt  to  save  an 
upper  extremity  which  would  not  be  justifiable  in  the 
case  of  the  lower.  In  the  lower  limb  the  operation 
should  be  designed  to  furnish  a  broad,  weight-bearing 
stump :  in  the  upper,  every  effort  must  be  made  to 
save  as  much  of  the  limb  as  possible,  and  to  conserve 
its  movements. 

.3.  In  yoiing  patients  the  recuperative  powers  of 
the  tissues  justify  conservative  measures  which  could 
not  be  safely  employed  iu  older  subjects.  In  young 
subjects  the  flaps  should  be  proportionately  longer  than 
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in  adults,  otherwise  the  continued  growth  of  the  bone 
may  result  in  the  development  of  a  conical  stump. 

4.  The  general  condition  of  the  patient,  his  ability 
to  stand  the  strain  of  a  prolonged  confinement  to  bed, 
his  occupation  and  social  position,  may  determine 
whether  an  attempt  should  be  made  to  save  an  injured 
or  diseased  limb,  or  whether  it  should  be  sacrificed. 
These  factors  have  also  to  be  borne  in  mind  in  selectinff 
the  site  and  method  of  amputation. 

The  Essentials  of  a  Good  Stump —The  objects  of  the 
operation  being  to  remove  the  injured  or  diseased  part, 
and  to  provide  the  best  possible  stump,  it  is  necessary 
here  to  consider  the  essentials  of  a  good  stump,  so  that 
the  amputation  may  be  planned  in  such  a  way  as  to 
secure  that  the  portion  of  limb  retained  will  be 
useful. 

In  the  lower  extreviity  the  primary  function  of  the 
stump  is  to  bear  the  weight  of  the  body  through  the 
medium  of  an  artificial  limb.      The  satisfactory  per- 
formance of  this  function  depends  less  upon  the  length 
of  the  stump  than  upon  the  breadth  of  its  terminal  part. 
All  amputations  in  the  lower  extremity,  therefore,  should 
be  planned  so  as  to  secure  a  broad  end  to  the  stump, 
and  in  some  cases  this  is  best  effected  by  one  or  other 
of    the  osteoplastic  operations  to  be  described  later. 
Further,  the  end  of  the  stump  should,  if  possible,  be 
covered  with  skin  which  is  accustomed  to  bear  pressure, 
and  in  any  case  the  skin  should  be  movable  over  the 
end  of  the  bone.    The  scar  should  not  be  over  the 
weight  -  bearing    part    of    the    stump,   but   should,  if 
possible,  be  placed  on  the  lateral  aspect,  where  it  is 
least  liable  to  be  pressed  upon.    It  is  an  advantage  to 
have  a  certain  amount  of  muscle  and  fascia  between 
the  skin  and  the  divided  end  of  the  bone  to  act  as  a 
pad  or  buffer.    No  nerve  trunks  should  be  left  in  the 
tissues  covering  the  cud  of  the  stump,  as  they  are  liable 
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to  become  incorporated  in  the  scar,  or  to  form  "neuro- 
mata "  which  render  the  stump  extremely  sensitive. 

In  the  upfer  extremity,  as  mobility  is  the  first  requisite, 
the  longer  the  stump  is  the  better.  In  planning  an 
amputation  of  the  arm,  the  site  of  insertion  of  the 
various  groups  of  muscle  should  be  borne  in  mind,  and 
as  far  as  possible  these  insertions  should  be  pre- 
served. A  stump  which  can  be  pronated  and  supinated 
is  of  greater  value  than  one  which  can  only  be  flexed 
and  extended.  While  breadth  is  of  less  importance 
than  length,  a  broad,  rounded  stump  is  better  than  a 
tapering,  conical  one.  As  the  end  of  the  stump  is  not 
subjected  to  pressure,  there  is  no  objection  to  the  scar 
being  terminal.  As  in  the  lower  extremity,  the  nerve 
trunks  should  be  cut  short  so  that  they  do  not  become 
implicated  in  the  cicatrix,  or  pressed  upon  by  the 
artificial  limb. 

Undesirable  Features  in  a  Stump— It  may  be  said 
that  from  the  functional  point  of  view  the  presence 
or  absence  of  infection  is  of  far  greater  importance  in 
amputations  than  in  other  wounds  of  the  extremities. 
With  asepsis  and  primary  healing  there  result  the  mini- 
mum of  scar  tissue,  the  least  degree  of  sensitiveness  to 
pressure,  and  as  early  massage  and  movements  can  be 
carried  out,  the  functions  of  the  tissues,  and  above  all 
the  mobility  of  the  soft  parts  over  the  bone,  are  secured 
and  maintained.    Suppuration  in  the  wound,  apart  from 
delay  in  healing  and  all  that  this  implies,  results  in  the 
formation   of    scar   tissue  which  is  sensitive,  of  low 
vitality,  and  unable  to  bear  pressure;  and  further,  it 
leads  to  fixation  of  the  different  layers  of  soft  parts 
to  one  another  and  to  the  bone,  thereby  robbing  the 
stump  of  one  of  its  most  valuable  qualities  as  a  basis 
of  support  for  an  artificial  limb. 

Conical  Stump.— One  of  the  commonest  errors  made 
by  beginners  is  to  cut  the  soft  parts  so  short  that  they 


METHODS  OF  AMPUTATING 


197 


cannot  cover  the  bone  without  tension.  If  healing 
occurs  under  these  conditions,  further  contraction  of 
the  skin  and  muscles  during  consolidation  may  result 
in  that  undue  projection  of  the  bone  which  characterises 
the  conical  or  sugar-loaf  stump.  The  apex  of  the  cone 
is  formed  by  the  bone  covered  either  by  a  sore  which 
refuses  to  heal  or  by  a  thin  pellicle  of  cicatrix  very 
liable  to  abrasion.  This  is  occasionally  met  with, 
from  no  fault  of  the  opei'ator,  in  amputations  performed 
through  the  upper  arm  and  through  the  leg  in  children, 
when  an  abnormal  growth  in  the  length  of  the  bone 
takes  place  from  the  epiphysial  cartilage.  The  treat- 
ment of  conical  stump,  whatever  its  origin,  consists  in 
resecting  the  end  of  the  bone. 

METHODS  OF  AMPUTATINO 

No  one  method  of  amputating  is  suitable  to  all  parts 
of  the  limbs.  The  differences  in  the  shape  and  arrange- 
ment of  the  structures  in  different  parts,  as  well  as  the 
various  lesions  calling  for  removal  of  the  limb,  and 
the  objects  aimed  at  in  designing  the  resultant  stump, 
necessitate  a  variety  of  methods. 

The  primitive  method  of  dividing  all  the  tissues  of  a 
limb  at  the  same  level  by  means  of  a  chopper  illustrates 
the  simplest  form  of  amputation.  When  this  was  done, 
the  retraction  of  the  soft  parts  left  the  bone  protruding 
from  the  face  of  the  stump,  and  union  was  delayed  until 
the  end  of  the  bone  had  been  cast  off  as  a  sequestrum. 
To  obviate  this  the  soft  parts  must  be  cut  at  a  lower 
level,  so  as  to  provide  a  covering  for  the  bone. 

In  fashioning  the  covering  for  the  bone  the  first 
incision  is  carried  through  the  integument  (skin  and  fat), 
which  after  division  retracts  a  short  distance  up  the 
limb ;  the  muscles  are  then  divided  at  the  level  of  the 
retracted  skin,  and  they  in  turn  retract. 
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The  skin  incision  may  be  made  straight  round 
the  limb  at  right  angles  to  its  long  axis — circular 
incision,  or  it  may  pass  round  the  limb  obliquely — 
elliptical  incision  (Fig.  119).  In  the  region  of  certain 
joints — for  example,  the  metacarpo  -  phalangeal,  the 
shoulder,  or  the  hip  —  a  vertical  incision  in  the  long 
axis  of  the  limb  is  sometimes  added  to  the  circular  or 
elliptical  cut,  converting  it  into  a  racket-shaped  incision 
(Fig.  118). 

Or  again,  the  covering  may  be  outlined  by  making 
one  or  more  U-shaped  or  rectangular  incisions  of 
appropriate  size  (Fig.  115).  It  is  evident  that  in 
whichever  of  these  ways  the  skin  is  cut,  after  the 
muscles  have  been  divided  and  the  bone  sawn,  the  soft 
tissues  will  fall  over  the  end  of  the  bone  in  the  form 
of  a  "  flap." 

A  "flap"  may  consist  of  integument  alone,  or  of 
skin  and  muscles  in  one  piece  (Fig.  116).  When  the 
osteoplastic  method  of  operating  is  employed  (p.  222) 
the  flap  is  made  up  of  skin,  muscle,  periosteum,  and  a 
slice  of  bone  adherent  to  it  (Fig.  110). 

In  some  situations  the  flap  is  derived  from  one  aspect 
of  the  limb— "a  single  long  flap"  (Fig.  106);  in  others 
"equal  flaps"  are  taken  from  opposite  aspects  of  the 
limb,  and  in  others  again  the  flaps  are  unequal—"  long 
and  short  flaps"  (Fig.  104). 

It  will  be  observed  that  the  chief  point  of  distinction 
between  the  different  methods  of  amputating  lies  in  the 
outline  of  the  incision  through  the  skin  and  fat. 

In  the  method  ly  circular  incision,  to  get  sufficient 
covering  for  the  bone,  the  skin  is  divided  below  the  level 
at  which  the  bone  is  to  be  sawn  at  a  distance  equal  to 
the  diameter  of  the  limb  at  the  saw-line.  This  should  be 
increased  to  a  diameter  and  a  half  in  the  thigh  and  upper 
arm,  where  the  retraction  of  the  soft  parts  is  greater  than 
in  the  leg  or  forearm,  especially  in  young  people,  whose 
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tissues  are  more  elastic  and  recoil  iu  greater  degree. 
The  circular  method  is  best  adapted  to  those  segments 
of  the  limbs  which  are  cylindrical. 

To  facilitate  the  retraction  of  the  integument  in  conical 
segments  of  the  limb,  after  the  circular  incision  has  been 
made  a  short  vertical  incision  may  be  carried  upwards 
along  each  side  of  the  limb,  thus  forming  two  equal 
integumentary  flaps,  which  can  be  folded  back  so  as  to 
give  better  access  to  the  subjacent  muscles  and  bone. 
This  is  known  as  the  modified  circidar  method  of  Syme. 

In  the  circular  method  the  scar  naturally  falls  oppo- 
site the  end  of  the  bone,  but  it  may  be  dragged  from 
this  position  by  the  muscles  on  one  aspect  of  the  limb 
overcoming  the  opposing  group ;  in  the  thigh,  for 
example,  the  hamstrings  overcome  the  extensor  muscles 
and  displace  the  scar  on  to  the  posterior  aspect. 

In  the  method  hy  ellijjtical  incision,  the  skin  and  fat 
are  divided  in  the  form  of  a  circle  applied  obliquely 
(Fig.  119).  The  upper  end  of  the  ellipse  is  placed  about 
a  finger's  breadth  below  the  saw-line,  the  lower  end  at 
a  distance  from  this  equal  to  the  diameter  of  the  limb. 
When  the  amputation  is  completed  the  lower  end  of  the 
elli  pse  is  brought  up  to  the  upper  one,  and  the  scar 
falls  on  the  lateral  aspect  of  the  limb.  It  is  the  most 
universally  applicable  of  all  methods  of  amputation  and, 
with  the  least  sacrifice  of  soft  parts,  provides  an  excellent 
covering  for  the  stump. 

In  the  method  by  racket  incision  the  longitudinal 
part — the  "handle"  of  the  racket — is  made  on  that 
aspect  which  gives  best  access  to  the  main  vessels,  as  iu 
amputating  at  the  hip,  or  to  the  joint,  as  in  amputation 
of  the  fingers  at  the  metacarpo-phalangeal  joint;  the 
circular  part  of  the  incision  or  ''blade"  of  the  racket 
surrounds  the  limb  at  a  level  which  will  provide  suffi- 
cient covering,  usually  at  a  distance  beyond  where  the 
incision  commenced  equal  to  the  diameter  of  the  limb  at 
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the  saw-line,  or  at  the  joint  through  which  the  disarticula- 
tion is  to  take  place.  The  scar  is  termino-lateral,  but 
may  become  lateral  as  the  result  of  greater  contraction  on 
one  side.  The  so-called  lanceolate  or  oval  methods  may 
be  described  as  racket  methods  in  which  the  handle 
of  the  racket  is  shortened  until  the  method  becomes 
practically  elliptical. 

In  flap  method  an  incision  is  usually  made  on  two 
opposite  aspects  of  the  limb  so  as  to  outline  two  flaps, 
and  it  may  be  roughly  estimated  that  the  length  of  the 
combined  flaps  shall  be  equal  to  at  least  one  and  a  half 
times  the  diameter  of  the  limb  at  the  saw-line. 

The  advantages  of  the  flap  method  are :  (1)  It  can 
be  employed  almost  imiversally  at  any  part  of  either 
extremity.  (2)  The  two  flaps  need  not  be  of  equal 
length  ;  indeed,  the  best  results  are  obtained  when  one 
is  cut  longer  than  the  other.  (3)  If  the  soft  parts  are 
destroyed  by  injury  or  disease  to  a  higher  level  on  one 
aspect  of  the  limb  than  the  other,  by  planning  unequal 
flaps  the  amputation  can  often  be  performed  at  a  lower 
level  than  would  be  possible  if  the  circular  method  were 
employed.  (4)  With  unequal  flaps  the  scar  does  not 
fall  opposite  the  end  of  the  bone,  and  is  therefore  not 
liable  to  be  pressed  upon  when  weight  is  borne  by  the 
stump.  (5)  The  best  available  covering  for  the  bone 
can  be  selected  from  any  aspect  of  the  limb.  '  The  long 
flap  should  include  the  skin  which  is  best  adapted  to 
bear  pressure,  and  a  suflicient  amount  of  muscle  to  form 
a  padding  for  the  end  of  the  bone. 

TECHNIQUE  OF  AMPUTATIONS 

Hcemorrhagc  is  prevented  by  means  of  a  tourniquet, 
by  digital  compression  of  the  main  artery  above,  by 
clamping  (Lynn  Thomas)  or  tying  the  nrtery  at  an  early 
stage  of  the  operation,  or  by  postponing  the  division  of 
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the  main  vessels  to  the  last  and.  grasping  them  with 
forceps  or  with  the  fingers  before  severing  them. 

To  ensure  a  satisfactory  covering  for  the  bones  it  is 
necessary  to  have  an  area  of  integument  with  a  good 
vascular  supply,  and  to  raise  it  in  sucli  a  way  as  not  to 
damage  the  blood  vessels  on  which  its  vitality  depends. 
The  knife  should  be  held  in  the  "  dinner-knife  "  fashion, 
and  the  integument  cut  at  right  angles  to  the  surface. 

In  the  circidar  method  the  knife  is  made  to  divide 
the  tissues  in  successive  circular  sweeps,  first  dividing 
the  skin  and  fat,  then  at  the  level  of  the  retracted  skin 
the  superficial  and  at  a  little  higher  level  the  deep 
muscles,  and  finally,  at  a  still  higher  level,  the  bone  is 
divided  with  the  saw.  When  practicable  the  skin  is 
turned  up  like  a  cuff  before  the  muscles  are  divided. 

In  the  flap  method  the  point  of  the  knife  divides 
the  skin  and  fat  at  the  base  of  the  proposed  flap,  and 
with  a  sawing  movement  the  flap  is  outlined,  first  on 
one  aspect  of  the  limb  and  then  on  the  other.  In  raising 
the  integument  from  the  fascia  and  muscle,  or  in  reflect- 
ing a  muscular  flap,  the  edge  of  the  knife  should  always 
be  directed  towards  the  tissue  that  is  to  come  away,  to 
avoid  "scormg  the  flap,"  which,  by  dividing  the  vessels 
on  its  deep  surface,  endangers  its  vitality. 

A  certain  amount  of  muscle  should  be  retained  in  the 
covering,  and  this  should  be  clean  cut  by  giving  to  the 
knife  a  sawing  movement.  The  muscles  are  usually 
divided  from  without  inwards  at  the  level  of  the  re- 
tracted integument.  Where  the  amount  of  muscle  is  ex- 
cessive—for example,  in  the  thigh — it  should  be  bevelled 
towards  the  bone ;  otherwise  the  amount  retained  on  the 
limb  will  be  excessive  and  interfere  with  the  approxima- 
tion of  the  skin  edges.  As  the  retraction  of  divided 
muscle  is  greater  when  it  is  severed  far  from  its  attach- 
ment to  bone  tlian  when  close  to  it,  in  amputating 
through  the  thigh,  such  muscles  as  the  ham-strings 
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should  be  cut  across  at.  a  lower  level  than  the  vasti,  so 
that  the  muscular  element  in  the  flap  may  be  at  a 
uniform  level. 

The  method  of  cutting  the  soft  parts  from  within 
outwards — by  "  transfixion  " — which  was  practised,  in 
pre-an£esthetic  days,  when  rapidity  of  operating  was  of 
primary  importance,  has  been  largely  abandoned.  By 
this  method  it  is  difficult  to  fashion  properly  rounded 
flaps  and  to  avoid  having  a  redundance  of  muscle  in 
them,  and  there  is  considerable  risk  of  transfixing  the 
main  blood  vessels  and  sHcing  them  longitudinally.  It 
may,  however,  sometimes  be  employed  with  advantage — 
for  example,  in  the  thigh,  after  the  anterior  flap  has  been 
raised  by  dissection,  the  knife  may  be  made  to  transfix 
the  limb  behind  the  femur  and  cut  the  posterior  flap 
from  within  outwards.  In  the  forearm  also,  where  there 
is  difficulty  in  cutting  the  numerous  tendons  evenly 
from  without  inwards,  the  knife  may  be  passed  under 
the  tendons  and  made  to  cut  outwards. 

Tendons  should  be  cut  clean  across,  and  should  not  be 
drawn  out  of  their  sheaths. 

The  main  blood  vessels  should  be  cut  at  right  angles, 
usually  near  the  base  of  the  flap  in  which  they  lie. 

The  nerve  trunks  should  also  be  divided  at  right  angles, 
but  before  the  wound  is  closed  each  nerve  should  be 
isolated,  pulled  down  for  a  distance  of  an  inch  or 
more,  and  cut  across  with  scissors  to  prevent  its 
involvement  in  the  superficial  part  of  the  cicatrix. 

The  hone  is  divided  with  the  saw  sufficiently  high  to 
ensure  its  being  completely  buried  and  covered  over  by 
the  soft  parts.  It  has  long  been  the  custom  to  divide 
the  periosteum  at  a  lower  level  than  the  bone,  to  provide 
a  covering  for  the  latter,  and  to  comply  with  an  indica- 
tion surviving  from  the  pre-antiseptic  days  to  protect 
the  marrow  from  any  infection  which  might  arise  in 
the  wound.    The  wisdom  of  this  procedure  was  first 


TECHNIQUE  OF  AMPUTATIONS  203 


questioned  by  Hirsch,  who  maintained  that  this  tubular 
prolongation  of  the  periosteum  was  responsible  for  the 
sensitive  outgrowths  of  bone  which  so  often  interfere 
with  the  weight  -  bearing  capacity  of  a  stump.  The 
outcome  of  this  teaching  is  to  bare  the  end  of  the  bone 
of  its  periosteum  and  scrape  out  the  marrow,  and  this  is 
now  the  practice  in  the  clinics  of  Hirsch,  Bunge,  and 
Bier. 

In  the  lower  extremity,  further  measures  are  taken 
to  improve  the  weight-bearing  capacity  of  the  stump 
in  the  various  osteoplastic  methods  of  amputation.  The 
first  and  best  known  of  these  is  associated  with  the 
name  of  Pirogoif,  who,  in  performing  Syme's  amputation 
at  the  ankle,  retained  a  portion  of  the  os  calcis  in  the 
heel  flap  and  applied  it  to  the  sawn  surface  of  the  tibia 
(Fig.  107).  Then  followed  Gritti,  who,  in  amputat- 
ing above  the  knee-joint,  retained  a  portion  of  the 
patella  in  the  anterior  flap  and  applied  it  to  the  sawn 
surface  of  the  femur  (Fig.  114).  Bier  is  chiefly  respons- 
ible for  the  extension  of  osteo-plastic  methods  to  all 
parts  of  the  leg  (Figs.  109-111). 

A  tendino-plastic  method  is  practised  by  Wilms,  the 
end  of  the  bone  being  covered  by  a  broad  tendon,  such 
as  the  quadriceps  at  the  knee,  or  the  tendo  Achillis  at  the 
ankle. 

In  disarticulations  the  technique  is  simpler,  there  is 
no  fear  of  bony  outgrowths,  and  the  rounded  end  of 
the  bone,  upholstered  in  cartilage,  affords  an  excellent 
basis  of  support. 

The  Concluding  Steps  of  the  Operation.— The  Mood 
vessels  are  seized  with  forceps  and  ligated,  beginning 
with  the  main  artery  and  vein,  which  should  be  separ- 
ated from  one  another  and  freed  sulficiently  to  ensure 
that  the  ligature  is  in  no  danger  of  slipping.  The 
larger  vessels  in  the  muscles  are  usually  found  in  the 
inter-muscular  septa.    There  is  often  difficulty  in  apply- 
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ing  a  ligature  to  vessels  close  to  the  bone,  but  the 
bleeding  from  these  can  usually  be  stopped  by  torsion 
or  by  a  catgut  suture. 

The  muscles  and  tendons  are  stitched  to  one  another 
as  far  as  possible  across  the  face  of  the  stamp.  Although 
considerable  atrophy  of  muscle  will  take  place,  that 
which  remains  provides  a  better  covering  for  the  bone ; 
if  stitched  over  the  bone,  it  prevents  undue  retraction 
of  the  soft  parts,  and  dead  spaces  in  the  wound  are 
obliterated.  A  drain  is  inserted  if  oozing  is  anticipated 
or  asepsis  is  uncertain.  The  skin  and  fat  are  brought 
into  accurate  contact  by  sutures.  The  stump  is  en- 
veloped in  a  large  dressing  of  cotton  wool,  firmly 
bandaged,  and  fixed  to  a  pillow  or  to  sand  bags,  or  to 
a  moulded  splint  of  sheet  lead. 

After-treatment  o£  the  Stump— To  maintain  the  nutri- 
tion and  function  of  the  tissues  composing  the  stump, 
these  should  be  exercised  as  soon  as  the  wound  is  healed, 
by  training  the  patient  to  contract  his  muscles,  by 
massage,  and  passive  movements  to  promote  the  mobility 
of  the  soft  parts  over  the  bone. 


CHAPTER  XIII 
AMPUTATIONS  OF  THE  LOWER  EXTREMITY 

Amputations  op  four  Smaller  Toes.  Amputation  or  Great 
Toe  :  Distal  phalanx ;  both  phalanyes ;  with  metatarsal  hone. 
Amputations  through  Foot  :  Tarso-metatarsal  {Lisfranc) ;  mid- 
tarsal  {ChoiMrt) ;  Subastragaloid  disarticulation.  Amputations 
AT  Ankle-Joint  :  Syme's ;  Pirogoff's ;  MacJcenzie's.  Amputa- 
tions through  Leg  :  By  flaps  :  Osteo-plastic ;  Farabosufs. 

Amputations  ot  the  Four  Smaller  Toes. — It  is  seldom 
advisable  to  perform  a  partial  amputation  of  the  four 
smaller  toes,  as  the  stump  left  is  so  short  as  to  be 
useless  and  is  liable  to  become  dorsi-flexed,  so  that 
it  is  pressed  upon  by  the  boot.  The  metatarso- 
phalangeal joints  of  these  toes  lie  quite  one  inch  above 
the  web ;  if  this  anatomical  fact  is  overlooked  only  the 
two  distal  phalanges  may  be  removed. 

In  amputating  an  entire  toe  the  racket  method  is  to 
be  preferred  (Fig.  102).  The  adjacent  toes  are  held 
aside  and  the  surgeon  secures  a  firm  grasp  of  the 
toe  to  be  removed  by  means  of  a  strand  of  moist 
gauze  applied  as  a  clove  hitch.  In  the  second,  third, 
and  fourth  toes  the  handle  of  the  racket  is  placed 
in  the  middle  line  of  the  dorsum  of  the  toe,  and 
commences  immediately  above  the  metatarso-phalangeal 
joint — that  is,  fully  an  inch  above  the  level  of  the  web 
— while  the  blade  of  the  racket  encircles  the  toe  at 
the  level  of  the  web.  The  incision  is  carried  down  to  the 
bone,  and  the  disarticulation  is  best  elTected  from  the 
plantar  aspect— the  toe  being  dorsi-llc.xecl.    The  glenoid 
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ligament  is  divided  transversely  against  the  base  of  the 
first  phalanx.  The  transverse  metatarsal  ligament, 
which  unites  the  heads  of  the  metatarsal  bones,  must 
not  be  injured.  Two  dorsal  and  two  plantar  digital 
arteries  are  cut  in  the  lateral  edges  of  the  wound,  ^nd 
should  be  secured  and  ligated. 


Fig.  102. — Amputation  of  Toes  at  Metatarso-Phalangeal  Joint 
by  Ricket  Method. 

(In  the  great  and  little  toes  the  handle  of  the  racket  is  placed  nearer  the 
middle  line  of  the  foot.) 

In  the  case  of  the  little  toe  the  handle  of  the  racket 
is  placed  nearer  the  middle  line  of  the  foot,  so  that  the 
scar  will  be  out  of  the  way  of  pressure  by  the  boot 
(Fig.  102). 

If  it  is  necessary  to  remove  the  metatarsal  hone  along 
with  the  toe,  the  handle  of  the  racket  extends  a  short 
distance  above  the  tarso-metatarsal  joint,  and  after  the 
toe  has  been  encircled  the  soft  parts  are  separated  from 
the  metatarsal  bone.    If  a  portion  of  the  metatarsal  can 
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be  saved  this  should  be  done,  and  in  the  case  of  the 
little  toe  the  bone-pliers  should  be  applied  obliquely  to 
avoid  a  projection  on  the  outer  side  of  the  foot. 

Amputations  of  the  Great  Toe. — The  weight-bearing 
function  of  the  foot  depends  so  much  upon  the  integrity 
of  the  ball  of  the  great  toe  that  every  effort  should  be 
made  to  conserve  this  part. 

In  removing  the  distal  phalanx  an  incision  is  made 
down  to  the  bone  from  the  lateral  aspect  of  the  first 


Fig.  103.— Amputation  through  Interphalangeal  Joint  of 
Great  Toe  by  Plantar  Flap. 

interphalangeal  joint  on  one  side  to  a  corresponding 
point  on  the  other  side,  thus  mapping  out  a  sino-le 
plantar  flap  (Fig.  103).  While  the  assistant  forcibly 
dorsi-flexes  the  toe,  the  surgeon  separates  the  flap  from 
the  plantar  aspect  of  the  phalanx,  keeping  as  close  to  the 
bone  as  possible.  When  the  glenoid  ligament  is  reached, 
it  is  cut  transversely  against  the  base  of  the  first 
phalanx  and  the  joint  is  thus  opened ;  the  disarticulation 
is  then  completed  by  cutting  straight  into  the  joint  from 
the  dorsal  aspect. 

The  operation  may  be  equally  satisfactorily  performed 
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in  the  reverse  order, — opening  into  the  joint  from  the 
dorsum,  and,  after  dividing  the  lateral  ligaments,  carrying 
the  knife  along  the  under  aspect  of  the  phalanx  and 
cutting  the  flap  from  within  outwards. 

The  two  dorsal  digital  arteries  are  cut  at  the  corners 
of  the  incision. 

Amputation  at  the  mdatarso-iilmlanrjeal  joints  of  the 
great  toe  is  performed  by  the  racket  method,  the 
handle  being  placed  along  the  fibular  side  of  the  toe  in 
order  that  the  scar  may  be  out  of  the  way  of  pressure 
(Fig.  102).  On  account  of  the  large  size  of  the  head 
of  the  first  metatarsal  with  its  sesamoids,  the  blade  of 
the  racket  should  be  at  the  level  of  the  inter-phalangeal 
joint,  so  that  a  sufficiently  large  flap  is  formed  to  cover 
the  bone.  If  sufficient  covering  is  available  the  base  of 
the  proximal  phalanx  should  be  retained,  as  this  makes  a 
better  stump. 

In  other  respects  the  operation  is  carried  out  in  the 
same  way  as  that  for  removal  of  the  smaller  toes. 

To  remove  the  great  toe  luith  its  metatarsal  lone,  the 
handle  of  the  racket  incision  is  carried  up  to  the 
articulation  with  the  internal  cuneiform,  and  the  soft 
parts  are  dissected  off  the  bone,  or  the  removal  may  be 
effected  subperiosteally.  It  is  a  great  advantage  when 
it  is  possible  to  cut  across  the  bone  below  the  level  of 
the  joint,  as  this  saves  the  attachment  of  the  peroneus 
longus  tendon,  and  adds  to  the  usefulness  of  the  foot. 
The  bone-pliers  should  be  applied  obliquely  to  avoid  a 
IDrojection  on  the  inner  side  of  the  foot. 

AMPUTATIONS  THROUGH  THE  FOOT 

In  amputating  at  any  level  through  the  foot  it 
is  desirable  to  take  the  long  flap  from  the  sole,  as 
the  skin  there  is  best  adapted  to  bear  pressure,  and 
the  tissues  on  the  plantar  aspect  are   thicker  and 
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more  vascular  than  those  on  the  dorsum.  Further,  it 
ensures  that  the  cicatrix  will  lie  towards  the  dorsal 
aspect,  where  it  will  be  least  exposed  to  pressure.  Every 
effort  should  be  made  to  save  as  much  of  the  foot  as 
possible,  and  not  to  interfere  with  the  inter-tarsal  joints 
if  this  can  be  avoided,  as  the  longer  and  more  movable 
the  stump  is  the  better  will  it  bear  weight  and  the 
more  easily  will  it  be  fitted  with  a  suitable  boot. 
Finally,  care  must  be  taken  in  performing  the  amputa- 
tion, and  during  the  after-treatment,  that  the  tendo 
Achillis  is  not  allowed  to  pull  up  the  os  calcis  and 
bring  the  foot  into  the  equinus  position. 

Amputation  through  the  Metatarsus  may  be  performed 
at  any  level  by  the  elliptical  method,  the  lower  end  of 
the  ellipse  being  fashioned  from  the  sole.  After  the 
soft  parts  have  been  dissected  back  the  bones  are  divided 
with  the  saw. 

Amputation  through  the  metatarsus,  may  also  be 
performed  on  the  same  lines  as  Lisfranc's  operation  at 
the  tarso-metatarsal  joint. 

Tarso-metatarsal  Amputations.— Z-is/rawc's  method  of 
removing  the  foot  at  the  tarso-metatarsal  line  of  artic- 
ulations is  as  follows.  Facing  the  sole  of  the  foot, 
the  operator  fixes  the  position  of  the  articulations 
of  the  first  and  fifth  metatarsals  with  the  tarsus,  the 
former  lying  an  inch  in  front  of  the  tubercle  of  the 
scaphoid,  and  the  latter  just  behind  the  projection 
formed  by  the  base  of  the  fifth  metatarsal  bone.  In 
operating  upon  the  left  foot,i  the  point  of  the  knife  is 
inserted  immediately  behind  the  level  of  the  base  of  the 
fifth  metatarsal  and  carried  along  the  outer  edge  of  the 
foot ;  opposite  the  necks  of  the  metatarsals  the  incision 
is  continued  across  the  sole  obliquely,  parallel  with  the 
heads  of  the  metatarsals,  and  then  along  the  inner  aspect 
of  the  foot  to  the  level  of  the  joint  between  the  first 

'  For  the  right  foot  the  incisions  are  made  in  the  opposite  order. 
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metatarsal  and  the  internal  cnneiforra  (Fig.  104).  While 
an  assistant  holds  the  anterior  part  of  the  foot,  the  operator 
with  his  left  hand  raises  the  flap  off  the  plantar  aspect 
of  the  metatarsal  bones  and  dissects  it  back  as  far  as 
the  level  of  the  tarso -metatarsal  joint.     Grasping  the 

anterior  part  of  the  foot  with 
JSSt  j^^g  iQ^j^  hand,  he  then  forcibly 

jjPfl^  1|  points  the  toes,  and,  entering 

the  lateral  part  of  the  incision, 
cuts  a  convex  dorsal  flap  ex- 
tending to  the  middle  of  the 
metatarsal  bones,  and  reflects  it 
up  to  the  level  of  the  joints. 
The    knife    is    then  inserted 
behind  the  base  of  the  fifth 
metatarsal,  and  the  three  outer 
metatarsals  are  separated  from 
the  cuboid  and  external  cunei- 
form ;    the  base  of  the  first 
metatarsal   is   next  separated 
from  the   internal  cuneiform, 
and   there   only   remains  the 
base  of  the  second  metatarsal 
wedged  in  between  the  three 
cuneiforms.      To    sever  these 
connections,  the  point  of  the 
knife  is  inserted  between  the 
second    metatarsal    and  in- 
ternal    cuneiform,    and  the 
strong  interosseous  ligament  divided.     If  the  foot  is 
now  forcibly  depressed,  a  few   touches  of  the  knife 
will  divide  the  tense  dorsal  ligament  and  complete  the 
disarticulation. 

To  avoid  the  difiiculties  of  disarticulating  the  base 
of  the  second  metatarsal,  it  may  be  divided  with 
bone-pliers  or  sawn  across  (Skey) ;  or  the  projecting 


Fig.  104.— Incisions  and  line 
of  disarticulation  in  Lis- 
franc's  Amputation  at  Tarso- 
metatarsal Joint. 
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part  of  the  internal  cuneifrom  may  be  sawn  off 
(Hey). 

The  dorsalis  pedis  and  the  two  plantar  arteries,  and 
their  branches,  are  secured  and  ligated,  and  the  flaps  are 
then  brought  together  and  sutured. 

The  operation  may  be  performed,  as  was  done  by 
Hey,  by  making  the  dorsal  incision  first,  disarticulating, 
and  then  dissecting  the  bones  from  the  plantar  flap. 
If  sufficient  covering  can  be  obtained  from  the 
sole,  the  dorsal  flap  may  be  dispensed  with ;  this 
ensures  more  effectually  that  the  scar  will  fall  on 
the  dorsum. 

The  patient  is  able  to  wear  an  ordinary  boot,  the 
anterior  part  of  which  is  filled  with  cotton-wool. 

The  Mid-tarsal  Amputation— This  operation,  associated 
with  the  name  of  Chopart,  aims  at  disarticulating  between 
the  astragalus  and  os  calcis  posteriorly  and  the  scaphoid 
and  cuboid  anteriorly.  The  astragalo-scaphoid  joint  is 
situated  immediately  behind  the  tuberosity  of  the 
scaphoid,  and'  the  calcaneo-cuboid  joint  midway  between 
the  tip  of  the  external  malleolus  and  the  base  of  the 
fifth  metatarsal.  The  line  of  these  joints  is  pretty 
nearly  continuous  across  the  foot,  with  a  slight  obliquity 
forwards. 

The  method  of  operating  is  similar  to  that  employed 
in  amputating  at  the  tarso  -  metatarsal  joint.  The 
extremity  of  the  plantar  flap  extends  to  a  little  be- 
yond the  middle  of  the  metatarsal  bones,  and  is  made 
shghtly  longer  on  the  inner  than  on  the  outer  side,  in 
correspondence  with  the  greater  depth  of  the  inner  part 
of  the  foot.  In  disarticulating,  the  joint  is  most  easily 
entered  by  dividing  the  ligaments  binding  together  the 
scaphoid  and  astragalus  just  behind  the  insertion  of  the 
tibialis  posticus.  Although  the  operation  described  by 
Chopart  involves  disarticulation  at  the  mid-tarsal  joint, 
It  is  not  necessary  to  adhere  rigidly  to  tliis ;  the  bones 
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may  be  sawn  either  above  or  below  Chopart's  line, 
as  may  best  meet  the  requirements  of  the  case.    It  has 
been  urged  against  this  operation  that  the  scar  tends 
to  be  displaced  by  the  tendo  Achillis  drawing  up  the 
heel.    In  our  experience,  if  the  wound  heals  by  primary 
union,  and  if  care  is  taken  during  the  after-treatment  to 
keep  the  stump  at  right  angles  to  the  leg,  this  tendency 
can  easily  be  obviated,  and  if  the  patient  is  encouraged 
to  walk  on  the  flat  of  the  sole  the  tendo  Achillis  is  soon 
stretched  and  no  disability  results.    To  counteract  the 
tendo  Achillis  we  are  in  the  habit  of  suturing  the  extensor 
tendons  to  the  periosteum.    We  cannot  subscribe  to  the 
unfavourable  opinions  expressed  regarding  this  operation. 
In  the  Edinburgh  school  it  has  long  been  regarded  as 
an  excellent  operation,  and  one  which  yields  an  ideal 
stump.     As  regards  the  boot  to  be  worn  after  the 
operation,  C.  W.  Cathcart,  whose  work  on  this  subject 
did  much  to  bring  the  operation  again  into  favour, 
says :  "  The  simplest  apparatus  is  used  —  a  steel  in 
the  sole   of    an  ordinary  boot,  with  stuffing  in  the 
toes,  or  simply  a  stuffing  of  cork  in  the  front  of 
an  ordinary  boot  where  the    lost    parts    should  be. 
Sometimes  a  leg-gaiter  is  used  to  keep  the  boot  on; 
sometimes  the  lacing  of  the  boot  round  the  ankle  has 
been  enough." 

Subastragaloid  Disarticulation— In  this  operation  all 
the  bones  of  the  foot  are  removed  except  the  astragalus. 
Of  the  methods  available,  the  racket  incision  of  Malgaigne 
may  be  selected  as  the  simplest.  The  handle  of  the 
racket  commences  at  the  outer  border  of  the  insertion 
of  the  tendo  Achillis  and  passes  forwards  one  inch  below 
the  external  malleolus ;  the  blade  encircles  the  foot  at 
the  level  of  the  mid-tarsal  joint.  The  joint  between  the 
astragalus  and  scaphoid  is  opened  from  the  dorsum,  and 
the  knife  is  passed  backwards  and  slightly  upwards 
beneath  the  head  of  the  astragalus,  so  as  to  divide 
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the  strong  interosseous  ligament  between  it  and  the 
OS  calcis.  The  soft  parts  are  then  dissected  from 
the  OS  calcis,  first  from  its  upper  surface,  then  from 
its  outer  and  under  surfaces,  and  lastly  from  its  inner 
and  posterior  surfaces.  The  foot  is  rotated  to  facilitate 
the  dissection,  and   the    soft  parts  are  retracted  by 


Fig.  105. — Incisious  for  Syme's  Amputation. 


sharp  hooks.  Most  difficulty  is  met  with  in  clearing 
the  projecting  sustentaculum  tali.  The  stump  is  an 
excellent  one. 

Amputation  at  the  Ankle-Joint.— ^y7?i6's  Amputa- 
tion.— The  classical  operation  is  that  devised  by  James 
Syme  (1842)  by  means  of  a  single  flap  taken  from  the 
heel.  The  sole  of  the  foot  faces  tlie  operator,  whose  left 
hand  grasps  the  posterior  part  of  the  ankle,  with  the 
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thumb  and  forefinger  respectively  on  the  malleoli.  The 
point  of  a  strong-bladed  knife  is  entered  below  the  tip  of 
the  external  malleolus,  cutting  right  down  to  the  bone, 
and  is  carried  slightly  backwards  and  then  across  the  sole 
to  the  corresponding  point  on  the  opposite  side, — that  is, 
half  an  inch  below  and  behind  the  tip  of  the  internal 
malleolus.    If  the  heel  is  large  and  prominent  the  back- 
ward inclination  of  the  incision  should  be  more  decided. 
With  the  aid  of  the  left  thumb  the  heel  flap  is  dissected 
off  the  OS  calcis  by  a  series  of  strokes  with  the  knife, 
made  upon  the  bone  and  not  upon  the  flap,  until  the 
insertion  of  the  tendo  Achillis  is  reached,  when  the 
tendon  is  divided.    The  operator  then  grasps  the  anterior 
part  of  the  foot  with  his  left  hand,  forcibly  points  the 
toes,  and  joins  the  two  ends  of  the  incision  made  for 
the  heel  flap  by  the  shortest  route  across  the  dorsum. 
He  then  opens  the  ankle  joint  from  the  dorsum,  re- 
membering that  the  articulation  is  half  an  inch  above 
the  tip  of  the  internal  malleolus,  and  divides  the  lateral 
ligaments,  thus  completing  the  disarticulation.    If  the 
articular  surfaces  of  the  tibia  and  fibula  are  diseased, 
the  lower  ends  of  these  bones  are  cleared  and  removed 
with  the  saw  ;  if  not,  merely  the  projecting  points  of  the 
malleoli  are  removed,  so  as  not  to  bear  unduly  on  the 
heel  flap.    The  dorsalis  pedis  is  secured  in  front  and 
the  two  plantar  arteries  on  the  inner  side  of  the  heel  flap. 

The  sequence  of  the  steps  in  a  Syme's  amputation 
may  be  reversed,  the  dorsal  incision  being  made  in  the 
first  instance,  the  disarticulation  carried  out,  and  then 
the  OS  calcis  dissected  off  from  the  heel  flap. 

The  only  objection  that  can  be  raised  to  Syme's  amputa- 
tion is  that  after  the  heel  flap  has  been  brought  into 
position  there  is  a  cavity  between  it  and  the  lower  ends  of 
the  bones  of  the  leg,  in  which  blood  accumulates,  whereby 
infection  may  be  favoured  and  healing  delayed  (Fig. 
lOG).     This   difficulty   can    easily   be   overcome  by 
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making  a  small  drainage  opening  at  one  edge  of  the 
tendo  Achillis  and  inserting  a  small  glass  tube.    In  the 


Extensor  tendons 


Fig.  106.— Amputation  of  Left  Foot  by  Syme's  Metliod. 


absence  of  suppuration,  the  stump  is  an  excellent 
one. 

Pirogoff's  Operation  (1854).— The  incisions  resemble 
those  employed  in  Syme's  amputation,  but  are  made  so 
as  to  retain  a  little  more  of  the  soft  parts,  as  there  is 
more  bone  to  be  covered.     Tn  mapping  out  tlie  heel  flap 
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the  incision  begins  a  little  in  front  of  the  tip  of  the 
external  malleolus,  and  passes  slightly  forwards  before 
crossing  the  sole  to  the  corresponding  point  on  the  other 
side ;  the  cut  is  made  right  down  to  the  bone,  dividing 
the  tendons  in  its  course.  The  dorsal  incision  is  made 
convex  forwards,  and  should  reach  a  full  thumb's  breadth 
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in  front  of  the  line  of  the  ankle  joint ;  it  divides  the 
skin  and  fascia,  and  then  the  extensor  tendons  at  the 
level  of  the  retracted  skin.     The  foot  having  been 
forcibly  depressed,  the  dorsal  flap  is  raised  and  the  ankle 
joint  opened ;  the  lateral   ligaments  which  bind  the 
malleoli  to  the  tarsus  are  divided,  and  in  doing  so  care 
must  be  taken  not  to  cut  into  the  soft  parts,  especially 
behind  the  internal  malleolus,  in  case  of  wounding  the 
posterior  tibial  artery.    The  astragalus  is  now  exposed 
as  far  back  as  its  posterior  surface  until  the  posterior 
ligament  of  the  ankle  is  reached;  this  is  cut  close  to 
its  insertion  into  the  astragalus,  and  the  knife  is  able 
to  clear  the  upper  surface  of  the  os  calcis.    Still  hold- 
ing the  foot  with  the  left  hand,  the  operator  applies 
the  saw  and  divides  the  os  calcis  in  the  line  of  the  in- 
cision made  for  the  heel  flap ;  the  foot  is  now  separated. 
The  malleoli  are  freed  with  the  knife,  care  being  taken 
of  the  posterior  tibial  artery,  the  tibia  and  fibula  are 
cleared  to  just  above  the  ankle  joint,  and  the  lower  ends 
are  removed  with  the  saw.    The  sawn  section  may  be 
made  horizontally,  but  it  is  better  to  incline  it  down- 
wards as  it  passes  backwards,  so  as  to  be  as  nearly 
parallel  as  possible  to  the  section  of  the  os  calcis.  The 
sawn  surfaces  are  brought  into  accurate  apposition  without 
tension,  and    are  retained   by  catgut  sutures  passed 
through  the  periosteum,  or  by  a  steel  peg  driven  through 
the  centre  of  the  heel  flap  so  as  to  pass  up  through 
the  OS  calcis  into  the  tibia.    If  there  is  tension,  the 
tendo  Achillis  may  be  divided  subcutaneously.  Some 
surgeons  divide  the  tendon  as  the  first  step  in  the 
operation. 

The  advantages  of  the  Pirogoff  method  are  that  the 
stump  is  a  little  longer ;  it  is  more  robust,  so  that  the 
patient  is  al)le  to  walk  upon  it  at  tlie  end  of  a  month  ; 
and  there  is  no  cavity  left  in  the  lieel  flap  in  which 
blood  may  accumulate  (Fig.  107).    The  operation  is  best 
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adapted  to  cases  of  injury,  and  is  not  to  be  employed 
if  there  is  disease  in  the  os  calcis.  The  objection  has 
also  been  made  that  the  os  calcis  may  not  unite  to 
the  tibia,  but  this  has  little  foundation,  especially  if  the 


Fig.  108.— Skiagram  of  Stump  15  Years  after 
Pirogoff's  Operation. 

bones  be  iixed  together  with  a  peg.  To  describe  Piro- 
goff's amputation  as  a  "  dissecting-room  exercise "  is  to 
disparage  a  procedure  the  value  of  which  we  and  others 
have  amply  demonstrated  both  in  hospital  and  private 
practice. 

The  operation  is  more  difficult  than  Syme's,  and  the 
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beginner  is  apt  to  cut  the  posterior  tibial  artery  in 
clearing  the  internal  malleolus  or  to  retain  so  much 
bone  in  the  heel  flap  as  to  cause  tension  on  that  vessel 
when  the  flap  is  brought  into  contact  with  the  tibia  ; 
through  one  or  other  or  both  of  these  faults  the  heel 
flap  may  undergo  necrosis. 

Disarticulation  at  the  Ankle-Joint  by  an  Internal 
Flap. — When  the  skin  on  the  outer  side  of  the  ankle 
is  not  available,  on  account  of  an  oblique  crush  of 
the  foot  or  of  sinuses,  a  flap  may  be  marked  out  from 
the  inner  side  (Richard  Mackenzie,  1849).  With  the 
foot  and  ankle  projecting  from  the  table  with  their 
internal  aspect  upwards,  the  point  of  the  knife  is 
entered  in  the  mesial  line  of  the  posterior  aspect  of  the 
ankle,  on  a  level  with  the  articulation,  carried  down 
obliquely  across  the  tendo  Achillis  towards  the  external 
border  of  the  plantar  aspect  of  the  heel,  along  which  it 
is  continued  in  a  semilunar  direction.  The  incision  is 
then  curved  across  the  sole  of  the  foot,  and  terminates 
on  the  inner  side  of  the  tendon  of  the  tibialis  anticus, 
about  an  inch  in  front  of  the  inner  malleolus.  The 
second  incision  is  semilunar  and  is  carried  across  the 
outer  aspect  of  the  ankle  between  the  extremities  of  the 
first  incisions,  the  convexity  of  the  incision  being  down- 
wards, and  passing  half  an  inch  below  the  external 
malleolus. 

The  internal  flap  may  be  dissected  up  in  the  first 
instance,  or  the  joint  may  be  opened  first  on  the  outer 
aspect.  After  the  external  lateral  ligament,  the  peroneal 
tendons,  and  the  extensor  tendons  have  been  divided,  the 
inner  aspect  of  the  os  calcis  is  finally  dissected  from 
above  downwards  from  the  internal  flap. 

Tauber's  modification  is  to  saw  through  the  os  calcis 
in  the  sagittal  plane  and  retain  the  inner  half  in  the 
main  flap,  which  is  brought  into  contact  with  the  sawn 
section  of  the  bones  of  the  leg. 
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When  the  skin  on  the  inner  aspect  of  the  foot,  as 
well  as  the  heel,  is  not  available,  a  flap  may  be  formed 
from  the  outer  side  on  the  same  principle  as  in  Mac- 
kenzie's amputation,  but  the  blood  supply  of  the  external 
flap  is  more  precarious. 

Amputations  through  the  Leg. — In  pre-antiseptic 
days,  when  the  majority  of  operation  wounds  suppurated, 
it  was  found  that  in  amputations  performed  between  the 
ankle  and  the  tubercle  of  the  tibia  the  stump  was 
generally  unable  to  bear  sufficient  pressure  to  support 
the  weight  put  upon  the  limb,  and  the  patient  had  to 
rest  the  anterior  surface  of  the  flexed  knee  on  an 
artificial  leg,  the  stump  projecting  behind  in  the  manner 
depicted  in  the  traditional  picture  of  the  Chelsea 
pensioner.  To  avoid  the  inconvenience  of  a  long 
projecting  stump  it  became  the  practice,  when  the  limb 
had  to  be  removed  above  the  level  of  the  ankle,  to 
amputate  about  a  hand's  breadth  below  the  knee,  leaving 
just  enough  of  the  upper  ends  of  the  tibia  and  fibula  to 
admit  of  the  patient  resting  on  the  front  of  the  bent 
knee.  This  was  known  as  amputation  at  the  "seat 
of  election "  —  a  term  which  has  now  lost  its 
significance. 

Under  aseptic  conditions  a  good  stump  can  be  ob- 
tained at  any  level  in  the  leg. 

Methods. — The  covering  for  the  bones  may  be  formed 
of  two  unequal  flaps,  the  longer  being  cut  from  the 
extensor  aspect  of  the  limb  and  the  shorter  from  the 
flexor  aspect ;  or  this  proportion  may  be  reversed.  So 
long  as  the  soft  parts  furnish  a  covering  for  the  bones 
without  tension,  and  the  scar  does  not  fall  directly 
opposite  the  end  of  the  stump,  no  fixed  proportion 
between  the  length  of  the  two  flaps  need  be  adhered  to. 
A  convenient  guide,  however,  is  that  the  length  of  the 
long  flap  should  he  equal  to  at  least  a  diameter  of  the 
limb  at  the  level  of  bone  section,  and  the  short  flap  about 
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half  the  length  of  the  long  one.  The  method  devised  by 
Teale  of  forming  an  extensor  flap  equal  in  length  and 
breadth  to  half  the  circumference  of  the  limb  at  the 
level  of  bone  section,  and  a  flexor  flap  one-quarter 
of  the  length  of  this,  is  seldom  practised  now,  as 
it  involves  sacrificing  more  of  the  limb  than  is 
necessary. 

The  elliptical  method  is  universally  applicable ;  in 
marking  it  out  the  flap  should  be  equal  to  one  and  a 
half  times  the  diameter  of  the  limb  at  the  level  of  bone 
section. 

In  making  the  incision  the  skin  and  fat  are  first 
divided  and  allowed  to  retract,  and  at  the  level  to  which 
they  have  retracted  the  muscles  are  cut  by  circular 
sweeps  of  the  knife.  Before  sawing  the  bones  the 
interosseous  membrane  should  be  cleared,  the  knife 
being  held  at  right  angles  to  the  long  axis  of  the  limb  to 
prevent  the  vessels  being  slit  longitudinally. 

If  the  tibia  is  sawn  straight  across  the  sharp  anterior 
edge  is  apt  to  press  unduly  on  the  part  of  the  flap 
resting  against  it,  and  to  obviate  this  the  anterior 
surface  of  the  tibia  should  be  bevelled,  by  entering  the 
saw  obliquely,  a  little  above  where  it  is  intended  to 
divide  the  bone,  and,  after  cutting  for  a  short  distance, 
withdrawing  the  saw  and  reapplying  it  at  right  angles 
about  half  an  inch  lower  down. 

Before  the  bones  are  divided  the  assistant  should 
rotate  the  leg  inwards  so  as  to  bring  the  fibula  forwards 
and  enable  the  saw  to  be  applied  to  both  bones  at  once, 
and  if  it  is  desired  to  divide  the  fibula  at  a  higher  level 
than  the  tibia,  as  is  usually  done,  the  fibula  should  be 
sawn  across  first. 

Osteoplastic  Amputations  through  the  Leg.  —  The 
method  by  elliptical  incision  should  be  supplemented 
whenever  possible  by  the  retention  of  a  portion  of  the 
tibia  along  with  the  soft  parts  forming  the  flap,  such 
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portion  being  applied  against  the  tibia  after  it  lias  been 
sawn  across  at  a  higher  level  (Bier). 

The  skin  and  fat  having  been  divided  by  an  elliptical 
incision  so  arranged  that  the  covering  is  taken  from  the 
antoro-external  aspect  of  the  limb  (Kocher),  the  muscles 
are  divided  at  the  level  of  the  retracted  skin  and  allowed 


Wedge  removed 

for  introduction  Gigli  saw 


Fig.  109. — Osteoplastic  Amputation  of  Leg,  1st  stage. 

to  retract,  but  care  is  taken  not  to  separate  the  integu- 
ment from  the  subcutaneous  surface  of  the  tibia.  An 
incision  is  then  made  through  the  periosteum  of  the 
tibia,  mapping  out  a  flap  of  bone  sufficient  to  cover  the 
ends  of  the  tibia  and  fibula  when  they  have  been  divided. 
This  bone  flap  is  cut  with  a  Gigli  saw  (Figs.  109,  110) 
or  with  a  chisel  and  mallet,  and  reflected  with  the 
periosteum  and  integument  in  one  piece.    The  bones 
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are  then  sawn  across  at  a  level  slightly  above  that  of  the 
retracted  muscles,  and  the  osteo-cutaneous  flap  brought 
over  the  face  of  the  stump.     Care  must  be  taken  that  the 


Fig.  110. — Osteoplastic  Amijutaliou  of  Leg,  2nd  stage. 


fresh  bone  surfaces  lie  in  accurate  contact ;  they  may  be 
secured  by  catgut  sutures,  or  if  necessary  by  a  peg 
driven  through  the  overlying  skin.  Kocher  attempts  to 
adapt  the  surfaces  to  one  another  by  making  the  sawn 
surface  of  the  tibia  concave  and  that  of  the  bone  flap 
convex.    If  the  fibula  is  sawn  at  a  higher  level  than  the 
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tibia  the  bone  flap  is  applied  to  the  tibia  only  (Fig. 
111).  Cutting  the  bone  flap  with  the  chisel  is  apt  to 
cause  longitudinal  splintering. 

Haffter  recommends  that  a  portion  of  tlie  fibula 
should  be  used  to  cover  the  end  of  the  tibia.    He  cuts 


Fig.  111.— X-iay  Photograph  of  Stump  after  Osteoplastic 
Amputation. 

the  skin  ellipse  so  that  the  covering  for  the  bones  is 
taken  from  the  outer  aspect  of  the  limb.  The  tibia  is 
divided  higher  than  the  fibula,  and  from  the  latter  he 
takes  a  wedge  with  its  base  towards  the  tibia,  and 
brings  the  flap  containing  this  piece  of  bone  over  the 
sawn  surface  of  the  tibia. 
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Throughout  the  greater  part  of  the  leg  the  anterior 
tibial  vessels  are  found  on  the  interosseous  membrane, 
the  posterior  tibial  vessels  between  the  superficial  and 
deep  muscles  of  the  calf,  and  the  peroneal  vessels  in 
the  lower  two-thirds  of  the  leg  immediately  behind  the 
fibula.  Any  nerve  trunk  in  the  long  flap  should  be 
dissected  out  and  divided  above  the  level  of  the  weight- 
bearing  part. 

Amputations  in  the  Upper  Third  of  the  Leg— Farabceuf's 
method  by  antero-external  flap  may  be  employed.  The 
incision  commences  in  front  opposite  the  level  of  bone 
section — a  hand's  breadth  below  the  knee-joint — and  runs 
down  parallel  with  and  close  to  the  inner  border  of  the 
shin.  It  crosses  the  outer  aspect  of  the  limb  and  runs 
up  posteriorly  in  the  middle  line,  and  terminates  one  and 
a  half  inches  lower  than  where  the  incision  commenced  in 
front;  the  length  of  this  U-shaped  flap  should  be  equal 
to  a  diameter  of  the  limb  at  the  saw  line.  On  the  inner 
side  the  incision  is  made  straight  across  from  the  upper 
end  of  the  posterior  limb  of  the  U  to  meet  the  anterior 
limb  one  and  a  half  inches  below  its  upper  end.  The 
long  anterior  flap  should  contain  everything  down  to  the 
bone,  and  the  anterior  tibial  artery  is  divided  at  the  end 
of  the  flap.    The  scar  lies  to  the  inner  side. 
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AMPUTATIONS  OF  LOWER  EXTREMITY 

(Continued) 

Amputatioxs  in  Kegion  of  Knee.  Disarticulation  at  Knee  : 
A.  G.  Miller's  method;  Other  methods.  Amputations  through 
AND  ABOVE  CONDYLES  OF  Femur  :  Garden's ;  Gritti's ;  Stokes'  ; 
Other  methods.  Amputations  through  Thigh  :  Spence's. 
Amputations  in  Region  of  Hip:  Racket  method;  Furneaux- 
Jordan's.    Inter-ilio-abdominal  Amputation. 

AMPUTATIONS  IN  THE  REGION  OF  THE  KNEE 

In  amputating  in  this  region  it  is  to  be  borne  in  mind 
that,  as  there  is  very  little  muscle  in  front  of  the  femur, 
the  anterior  flap  retracts  but  slightly  after  division, 
while  the  hamstring  muscles  in  the  posterior  flap,  being 
divided  at  some  distance  from  their  attachment,  retract 
much  more.  To  allow  for  this  the  posterior  muscles 
should  be  cut  as  low  as  possible.  As  the  blood  supply 
of  the  anterior  flap  depends  to  a  large  extent  on  the 
integrity  of  the  pre -patellar  anastomosis,  the  patella 
should,  if  possible,  be  retained  in  the  flap  so  as 
to  avoid  disturbing  the  vessels  between  it  and  the 
skin. 

Whether  the  luub  is  removed  by  disarticulating  at 
the  knee  joint  or  by  dividing  the  femur  depends  on  the 
nature  of  the  lesion  and  the  skin  available  to  form  the 
flaps. 

Many  cases  of  senile  gangrene,  of  gun-shot  wounds 


DISARTICULATION  AT  KNEE 


227 


shattering  the  bones  but  not  destroying  the  skin  widely, 
and  malignant  growths  in  the  bones  of  the  leg,  may  be 
dealt  with  by  disarticulation.  For  tuberculous  or  other 
disease  causing  disorganisation  of  the  joint  it  is  necessary 
to  divide  the  femur  either  through  or  above  the 
condyles. 

Disarticulation  at  the  Knee- Joint. — The  advantages 
claimed  for  this  operation  over  those  performed  a  little 
higher  up  are  that  it  furnishes  a  longer  stump,  which 
is  more  completely  under  the  control  of  the  adductor 
muscles,  as  the  round  tendon  of  the  adductor  magnus 
is  retained ;  and  that  the   end  of  the  stump,  being 
broader  and  more  rounded,  is  better  adapted  to  bear  the 
weight  of  the  body.    On  the  other  hand,  the  stump  does 
not  lend  itself  so  well  to  the  fitting  of  an  artificial  limb 
with  a  movable  knee-joint,  as  the  false  articulation  falls 
below  the  level  of  the  normal  one.    Disarticulation  at 
the  knee-joint  is  best  performed  by  the  circular  method 
of  A.  G.  Miller.    The  limb  is  held  fully  extended,  and 
the  skin  and  fat  are  divided  about  three  inches  below 
the  joint  and  raised  from  the   deeper  parts  in  the 
form  of  a  cuff;  when  the  ligamentum  patellar  is  exposed 
it  is  cut  across  and  the  joint  is  flexed ;  the  knife  is 
then  inserted  between  the  semilunar  cartilage  and  the 
tibia,  dividing  the  capsular  and  coronary  ligaments  and 
the  synovial  membrane,  first  on  one  side  and  then  on 
the  other.    The  joint  is  now  flexed  to  a  right  angle, 
and  the  lateral  and  crucial  ligaments  are  divided,  whicli 
allows  the  tibia  to  be  drawn  away  from  the  femur.  The 
fingers  of  the  left  hand  grasping  the  structures  in  the 
ham  compress  the  popliteal  vessels,  and  the  severance 
of  the  posterior  soft  parts  is  completed  by  one  sweep  of 
the  knife.    The  vessels — the  popliteal  and  tlie  articular 
branches — are  secured,  the  tibial  nerves  are  pulled  out 
and  cut  short,  and,  a  drain  having  been  inserted  througli 
a  separate  opening,  the  skin  and  fat  are  sutured  in  the 
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horizontal  plane.  The  wound  lies  behind  the  condyles 
of  the  femur,  and  the  scar  is  ultimately  situated  above 
and  behind  the  condyles  owing  to  the  marked  retraction 
of  the  hamstring  muscles.  The  patella  is  retained  in  the 
anterior  flap,  and  comes  to  lie  in  the  hollow  between  the 
condyles  of  the  femur. 

The  stump  is  an  excellent  one. 

Among  the  other  methods  may  be  mentioned  that 
of  Stephen  Smith  by  lateral  flaps,  in  which,  owing  to  the 
great  prominence  and  size  of  the  internal  condyle,  the 
inner  flap  is  cut  a  little  fuller  than  the  outer  one.  In 
the  elliptical  method  the  lowest  point  of  the  ellipse  falls 
on  the  anterior  surface  of  the  leg  a  full  hand's  breadth 
below  the  level  of  the  joint. 

Amputations  through  and  above  the  Condyles  o£  the 
Femur. — It  is  usual  to  employ  a  tourniquet  in  these 
amputations,  and  it  should  be  applied  high  up  in  the 
thigh,  so  as  not  to  interfere  with  the  mobility  of  the 
skin  and  the  retraction  of  the  muscles  after  division. 
The  mode  of  dealing  with  the  patella,  and  the  level  at 
which  the  femur  is  sawn  across,  -vary  with  the  method 
employed. 

When  the  patella  can  he  retained  the  operation  is 
performed  by  taking  a  long  flap  from  the  front  of  the 
joint,  and  a  shorter  one  from  the  posterior  aspect.  With 
the  knee  extended  the  knife  is  entered  over  the  most 
prominent  part  of  one  condyle,  and  carried  almost 
vertically  downwards  to  the  level  of  the  attachment  of 
the  ligamentum  patelliE ;  it  then  passes  across  the  front 
of  the  limb,  and  up  again  to  the  most  prominent  part 
of  the  opposite  condyle.  The  knee  is  then  flexed  and 
the  patellar  ligament  cut  across,  thus  opening  into  the 
knee-joint.  The  soft  tissues,  including  the  capsular 
ligament  of  the  joint,  are  freely  divided  down  to  the 
bone.  A  posterior  flap,  about  half  the  length  of  the 
anterior  one,  is  then  formed  by  one  stroke  of  the  knife 


GRITTI-STOKES  AMPUTATION  229 


dividing  the  integument,  and  a  second  severing  the 
hamstring  muscles  at  the  level  of  the  retracted  skin. 
The  saw  is  now  applied  and  the  bone  divided  through 
the  upper  part  of  the  condyles. 

The  popliteal  and  articular  vessels  having  been  secured 
and  the  nerves  cut  short,  the  articular  surface  of  the 
patella  is  removed  with  the  saw  and  applied  to  the  raw 


Fro.  112.— Incisions  for  Gritti-Stokes  Supra-coiidylar  Amputation. 

surface  of  the  femur.  This  adaptation  of  the  osteo- 
plastic method  was  suggested  by  Gritti  in  1857.  To 
permit  of  the  patella  being  brought  against  the  femur 
without  tension,  and  to  adapt  the  size  and  shape  of  the 
divided  surface  of  the  femur  to  that  of  the  patella,  Stokes 
recommended  that  the  bone  should  be  sawn  across  from 
half  to  three-quarters  of  an  inch  above  the  condyles.  Tliis 
supra-condylar  amputation  is  known  as  the  Gritti- Stokes 
method. 
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If  the  eud  of  the  femur  is  made  convex  and 
the    patellar    surface    concave,    and    if    the  patellar 


ligament'^  is  cut  so  that  it  Ciui  he  stitclied  to  the 
periosteum  on  the  back  of  the  femur  and  to  the 
hamstring  muscles,  the  stump  is  made  more  compact 
(Kocher). 
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If  there  is  any  tendency  for  the  patella  to  become 
displaced  from  the  femur,  it  may  be  held  in  position 
by  a  steel  pin  inserted  through  the  skin  after  the 
flaps  have  been  sutured.  The  pin  is  removed  in  two 
or  three  weeks.  As  soon  as  the  wound  is  consolidated 
massage  of  the  limb  is  commenced,  and  the  patient  is 
usually  able  to  bear  his  full  weight  on  the  stump  at  the 
end  of  a  month. 

Ssabanejeff  has  suggested  another  osteoplastic  pro- 
cedure, suitable  to  cases  in  which  the  upper  end 
of  the  tibia  and  the  knee-joint  are  free  of  disease. 
A  pyramidal  portion  of  the  tibia  is  retained  in  the 
anterior  flap,  which  must  be  carried  to  a  point  three 
fingers'  breadth  below  the  tubercle,  and  this  is  applied  to 
the  sawn  surface  of  the  condyles  of  the  femur  (Fig.  113). 
The  advantages  claimed  for  this  method  are  that  the  skin, 
bursa,  and  bone  in  the  anterior  flap  are  accustomed  to 
bear  pressure,  and  the  tendinous  insertions  of  the  sartorius 
and  gracilis,  and  also  part  of  the  biceps  expoansiou,  are 
retained. 

When  the  patella  must  he  sacrificed  one  of  the  modifi- 
cations of  Garden's  operation  is  employed. 

Garden's  original  operation,  described  in  1864,  con- 
sisted in  raising  a  flap  of  skin  from  the  front  of  the 
joint  as  far  down  as  the  middle  of  the  ligamentum 
patellae,  dividing  everything  else  straight  down  to  the 
bone  at  the  level  of  the  base  of  this  flap,  and  sawing 
across  the  condyles  of  the  femur. 

To  avoid  relying  on  a  single  long  skin  flap,  which  was 
found  to  be  liable  to  slough.  Lister  (1883)  recommended 
division  of  the  skin  and  fat  on  the  anterior  aspect  at 
the  level  of  the  tubercle  of  the  tibia,  and  on  the  posterior 
aspect  at  a  slightly  lower  level,  the  muscles  being 
divided  at  the  level  of  the  retracted  skin  and  the  bone 
sawn  through  the  condyles. 

The  posterior  flap  was  still  further  developed  in  a  modi- 
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ficatioii  devised  by  John  Chieue  (Fig.  114).  An  anterior 
flap  is  formed  as  iu  Garden's  operation,  and  a  posterior 
ilap  mapped  out,  by  carrying  downwards  on  each  side 
from  the  upper  end  of  the  anterior  incision  a  vertical 
incision  iu  the  long  axis  of  the  limb,  reaching  as  far 
as   the  lower  limit  of  the  tuberosities  of  the  tibia, 


Fig.  1L4. — Incisions  Employed  in  Chiene's  Modification  of 
Garden's  Amputation. 


aud  joined  across  the  back  of  the  leg.  The  muscles 
on  the  posterior  surface  are  then  cut  transversely. 
The  flaps  thus  formed  are  retracted  sufficiently  to  expose 
the  femur  at  the  liighest  part  of  the  articular  surface, 
where  the  saw  is  applied. 

Instead  of  the  bone  being  sawn  straight  across  it  is 
better  to  saw  it  in  a  curve  parallel  to  the  articular 
surface  (Fig.  114). 

In  performing  these  operations  and  those  a  little  higher 
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ia  the  thigh,  the  surgeon  has  a  choice  of  methods.  He 
may  hold  the  hmb  himself  with  his  left  hand  while  he 
outHnes  the  flaps  (Fig.  115)  and  has  them  raised  for 
him  by  an  assistant,  or,  the  leg  being  held  for  him,  he 
employs  his  left  hand  to  raise  and  retract  the  flaps. 
The  former  is  the  more  showy  and  brilliant ;  it  was 
greatly  favoured   by  Annandale,  who,  afi;er  marking 


Fig.  115.— One  Metliod  of  Cutting  Anterior  Flap  in  Amputation 

through  the  Thigh. 
(The  surgeon  is  holding  and  rotating  the  limb  witli  his  left  hand  ;  the  track  of 
the  knife  is  indicated  by  a  faint  hne.) 


out  and  having  raised  for  him  the  anterior  flap, 
used  then  to  saw  the  bone  and,  passing  the  knife  in 
between  the  sawn  surfaces,  cut  the  posterior  flap  by 
transfixion. 

Amputations  through  the  Thigh.^ — In  tlie  thiuh 
several  diH'erent  methods  of  providing  a  covering  for  the 
bone  are  available,  the  circular  or  the  elliptical  in- 
cisions, or  the  formation  of  anterior  and  posterior  flaps 
being  the   most    generally  ajiplicable.    In   making  a 
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choice  it  must  be  borne  in  mind  that  the  masses  of 
muscle  on  the  different  aspects  of  the  limb  do  not 
retract  equally  when  divided,  and  allowance  should  be 
made  for  this  to  ensure  that  the  stump  is  well  formed. 
The  extensor  and  adductor  groups,  for  example,  owing 
to  the  pennate  form  of  their  fibres,  their  intimate  attach- 
ment to  bone,  and  the  manner  in  which  they  are  bound 
to  one  another,  retract  much  less  than  the  hamstring 
group,  which  run  independently,  have  purely  longitudinal 
fibres,  and  are  divided  at  a  considerable  distance  from 
their  attachments  of  origin. 

When  the  muscles  are  relaxed  under  anaesthesia,  and 
the  limb  is  raised  preparatory  to  making  the  incisions, 
under  the  influence  of  gravity  an  undue  proportion  of 
the  bulk  of  the  limb  sags  towards  the  posterior  aspect, 
and  unless  this  is  controlled  by  the  assistant  supporting 
the  tissues  behind  the  bone  on  the  palm  of  his  hand 
while  the  surgeon  p)lans  his  incisions,  the  covering  for 
the  bone  is  apt  to  be  unequally  distributed,  with  too 
much  on  the  posterior  aspect. 

It  is  further  to  be  borne  in  mind  that  the  position  of 
the  main  blood  vessels  varies  at  different  levels  in  the 
thigh  ;  in  the  lower  third  they  are  towards  tl>e  back  of 
the  limb,  in  the  middle  third  towards  the  inner  aspect, 
and  in  the  upper  third  more  towards  the  front.  In 
amputating  by  transfixion  in  the  middle  third  of 
the  thigh  there  is  a  danger  of  slitting  the  vessels 
longitudinally. 

Amputation  through  Middle  or  Lower  Third  of  Thigh  by 
long  Extensor  and  short  Flexor  Flaps. — From  opposite 
the  point  at  which  the  bone  is  to  be  divided  an  incision 
is  carried  down  one  lateral  aspect  of  the  limb,  across  the 
front  of  the  thigli,  and  up  along  the  opposite  aspect, 
mapping  out  a  ""U -shaped  flap  equal  in  length  and 
breadth  to  the  diameter  of  the  limb  at  the  level  of 
bone  section.    The  posterior  flap,  about  half  the  length 
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of  the  anterior  one,  is  delimited  by  carrying  the  knife 
straight,  or  with  a  slight  downward  curve,  across  the 
back  of  the  thigh  from  one  lateral  incision  to  the  other. 
The  muscles  are  then  divided  at  the  level  to  which  the 
skin  has  retracted,  and,  to  avoid  having  an  excess  of 
muscle  in  the  flaps  and  to  ensure  their  more  accurate 
apposition,  the  section  should  be  oblique,  so  that  there 
is  most  muscle  towards  the  base  of  each  flap.  It  should 
be  arranged  that  the  main  vessels  fall  into  the  posterior 
flap.  The  bone  is  then  cleared  and  sawn  across,  and  the 
sharp  edges  rounded  off. 

The  femoral  vessels,  which  lie  beneath  and  to  the 
outer  side  of  the  sartorius,  are  secured  and  ligated,  and 
the  larger  branches  of  the  profunda,  gluteal,  obturator, 
aud  sciatic  arteries  found  in  tlie  inter-muscular  septa 
are  similarly  dealt  with.  The  sciatic  nerve  is  sought 
for  among  the  hamstring  muscles  and  cut  short,  the 
comes  nervi  ischiadici  artery  which  accompanies  it  being 
secured.  To  obliterate  dead  spaces,  to  diminish  sub- 
sequent oozing,  and  to  prevent  undue  retraction,  the 
muscles  of,  the  two  flaps  should  be  stitched  with  catgut. 

After  this  amputation  the  weight  is  only  partly 
borne  on  the  face  of  the  stump,  the  artificial  limb  being 
so  arranged  that  the  weight  is  distributed  as  in  Thomas' 
knee  splint. 

The  circidar  and  elliptical  methods  differ  from  the  above 
only  in  the  manner  of-  dividing  the  skin.  The  unequal 
retraction  of  muscles  in  the  two  aspects  of  the  limb 
results  in  the  formation  of  two  unequal  flaps. 

Amputations  in  the  Region  of  the  Hip. — It  is  convenient 
to  describe  together  the  operations  in  which  the  femur 
is  divided  in  the  region  of  the  trochanters,  and  those  in 
which  disarticulation  is  performed  at  the  hip-joint,  as 
the  general  technique  of  the  procedures  is  similar. 

In  planning  the  operation  it  is  to  be  kept  in  mind 
that  the  stump  is  not  designed  to  bear  pressure,  as  the 
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weight  of  the  body  is  transmitted  to  an  artificial  limb 
through  the  bones  of  the  pelvis  in  much  the  same  way 
as  by  a  Thomas'  knee  splint.  At  the  same  time  it  is 
desirable  to  retain  in  the  stump  sufficient  muscular 
tissue  with  bony  attachment  to  render  the  stump 
movable  in  all  directions,  as  this  facilitates  the  adjust- 
ment of  a  well-fitting  artificial  limb,  and  adds  materially 
to  the  patient's  control  over  it  in  locomotion.  This 
implies  that  the  section  of  the  limb  should  be  made  as 
low  down  as  possible  consistent  with  removing  all 
disease  and  securing  a  satisfactory  covering. 

Haemorrhage  and  shock  are  the  immediate  risks  of  the 
operation.  The  most  effective  means  of  controlling  the 
bleeding  is  by  ligating  the  common  femoral  or  external 
iliac  vessels  as  the  first  step  of  the  operation ;  if  the 
external  iliac  has  been  ligated  the  branches  of  the  gluteal, 
sciatic,  obturator,  and  external  circumflex  vessels  are  se- 
cured with  forceps  as  they  are  cut.  When  this  plan  is 
not  adopted,  one  or  other  of  the  methods  of  controlling 
bleeding  by  pressure  or  by  a  tourniquet  may  be  selected 
(vol.  i.  p.  278).  The  abdominal  aorta  may  be  compressed 
against  the  bodies  of  the  lumbar  vertebrae  with  the  closed 
fist  (Macewen),  or  by  an  elastic  cord  wound  round  the 
body  between  the  iliac  crest  and  the  lower  border  of  the 
ribs  (Momburg).  An  elastic  tourniquet  applied  round  the 
root  of  the  thigh  encroaches  iipon  the  field  of  operation, 
and  is  liable  to  slip  downwards  after  the  incisions  have 
been  made.  This  latter  accident  may  be  prevented  by 
using  Spence's  skewer — a  long  flat  steel  pin — which  is 
made  to  transfix  the  limb  in  front  of  the  femur  about 
the  level  of  the  great  trochanter,  and  over  its  projecting 
ends  one  piece  of  elastic  tubing  is  wound  as  a  figure-of- 
eight  across  the  front ,  of  the  thigh,  and  another  over 
the  back.  In  this  way  the  vessels  are  constricted  and 
the  tourniquet  is  prevented  from  slipping,  and  after  the 
limb  is  removed  the  vessels  can  be  secured  with  forceps 
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before  the  elastic  constrictors  are  removed  and  the 
skewer  withdrawn.  Wyeth  achieves  the  same  object  by 
transfixing  the  limb  from  before  backwards  with  two 
pins,  one  passed  on  each  side  of  the  femnr,  and  applying 
an  elastic  tourniquet  above  the  pins. 

Whatever  method  is  employed  the  lower  end  of  tlie 
table  should  be  raised  to  favour  the  flow  of  blood  from 
the  lower  limbs  into  the  great  veins. 

The  usual  precautions  against  shock  are  taken,  and 
in  addition  it  has  been  found  advantageous  to  "  block  " 
tjie  large  nerve  trunks — anterior  crural  and  sciatic — by 
injecting  a  solution  of  novocain  into  them  before  they 
are  divided. 

Amputation  by  the  Anterior  Racket  Method,  with  Pre- 
liminary Ligation  of  the  Femoral  Vessels, — ^This  operation, 
associated  with  the  names  of  Beck  and  Eose,  is  in  our 
opinion  the  method  of  choice,  and  it  is  more  widely 
applicable  than  any  other.  It  can  be  performed  with 
the  minimum  loss  of  blood,  it  permits  either  of  high 
division  of  the  femur  or  of  disarticulation  as  may  be 
found  necessary,  and  it  can  be  perfoimed  with  a  single 
assistant. 

The  racket-shaped  incision  is  commenced  over  the 
line  of  the  femoral  vessels,  which  it  exposes  for  a  length 
of  several  inches;  it  then  crosses  the  thigh  obliquely, 
passing  over  the  adductor  muscles  four  or  five  inches 
below  the  genito-femoral  fold,  thence  across  the  back  of  the 
thigh  and  over  its  outer  aspect  till  it  again  meets  the 
vertical  incision.  The  skin  thus  mapped  out  is  allowed 
to  retract. 

The  femoral  artery  and  vein  are  separately  secured 
with  double  ligatures  and  then  cut  across  (Fig.  11 G) ; 
and  the  anterior  crural  nerve  is  "  blocked  "  by  an  injection 
of  novocain  before  being  cut. 

If  it  is  intended  to  saw  across  the  fem  ur,  the  muscles 
are  divided  at  the  level  of  the  retracted  skin  by  a  few 
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HP. —Amputation  in  upper  pnrt  of  Thigh  by  Anteiior 
Racket  Method. 
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circular  sweeps  of  a  long-bladed  knife,  the  bone  exposed, 
and  the  saw  applied  ab  the  desired  level. 

If  disarticulation  is  to  be  performed,  after  cutting  the 
skin  in  racket  fashion,  the  sartorius,  the  ilio- psoas,  and 
the  other  muscles  in  front  of  the  thigh  are  divided  and 
the  capsule  of  the  joint  opened  from  the  front.  The 
remaining  muscles  are  divided  one  after  the  other,  and 
the  blood  vessels  secured  as  they  are  cut,  and  the  great 
sciatic  nerve  injected  w^ith  novocain  before  it  is  divided. 
Disarticulation  is  facilitated  if  the  assistant  puts  the 
structures  to  be  divided  on  the  stretch. 

The  muscular  masses  are  brought  together  by  catgut 
sutures,  and  the  wound,  closed,  drainage  being  provided 
for  at  its  outer  and  lower  angle. 

The  skin  wound,  which  takes  the  shape  of  an  inverted 
T,  looks  towards  the  outer  aspect  of  the  limb,  where  it 
is  less  liable  to  infection  from  the  perineum. 

Amputation  by  an  External  Racket  Incision  —  Furneaux- 
Jordan's  Operation. — The  principle  of  shelling  out  the 
upper  end  of  the  femur  through  an  incision  carried  along 
the  outer  aspect  of  the  femur,  and  dividing  the  muscles 
by  a  circular  incision  round  the  thigh,  associated  with 
the  name  of  Furneaux-Jordan,  is  applied  in  different 
ways'. 

The  method  we  have  usually  adopted  is  as  follows. 
The  limb  is  emptied  of  blood  and  a  tourniquet  applied 
round  the  root  of  the  limb.  A  circular  incision  is  then 
made  as  low  down  in  the  thigh  as  is  practicable.  After 
the  skin  has  retracted,  the  muscles  and  other  soft  parts 
are  divided  by  a  few  circular  sweeps  of  the  knife,  the 
bone  is  sawn  across,  and  the  limb  removed.  Tlie  vessels 
are  picked  up  with  forceps  and  ligated  before  the 
tourniquet  is  relaxed.  The  patient  is  then  placed  on  his 
sound  side  and  a  vertical  incision  is  made  on  the  outer 
aspect,  passing  over  the  middle  of  the  great  trochanter 
to  end  midway  between  the  tip  of  the  trochanter  and 
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the  iliac  crest.  The  vertical  incision  is  deepened  and 
the  tissues^  including  the  periosteum,  as  far  as  possible 
peeled  off  the  bone.  When  the  region  of  the  joint  is 
reached  a  short  strong-bladed  knife,  such  as  Syme's, 
is  used  to  disarticulate,  the  muscles  attached  to  the 
trochanters  and  the  capsule  being  in  turn  put  upon  the 
stretch  by  an  assistant  manipulating  the  limb.  The 
disarticulation  is  most  speedily  accomplished  by  entering 


Fig.  117.— Incision  for  Furneaux-Jordan's  Amputation. 


the  joint  from  the  front,  and,  after  dividing  the  cotyloid 
ligament,  forcing  the  head  of  the  bone  from  the 
acetabulum  by  depressing  the  limb  and  rotating  it  out- 
wards. The  round  ligament  is  thus  brought  within 
reach  and  is  divided,  after  which  the  head  is  easily 
withdrawn  from  the  socket  and  the  posterior  part  of 
the  capsule  divided. 

After  the  bleeding  has  been  stopped,  the  large  muscular 
masses  are  brought  into  apposition  by  catgut  stitch,  and 
the  skin  sutured,  drainage  being  provided  for  at  the  outer 
aspect  of  the  wound. 
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If  the  periosteum  has  been  saved  a  certain  amount 
of  bone  is  eventually  developed  from  it,  and  this  adds 
to  the  functional  value  of  the  stump,  by  conferring  on 
it  a  moderate  range  of  movement. 

Amputation  o!  the  Lower  Extremity  and  Part  o£ 
Pelvis — Inter-ilio- abdominal  Amputation. — This  opera- 
tion \vas  first  performed  by  Billroth  in  1889  for 
sarcoma  of  the  pelvis.  Undue  loss  of  blood  is  prevented 
by  preliminary  ligation  or  clamping  of  the  common  iliac 
vessels.  An  incision  is  made  parallel  with  Poupart's 
ligament  and  three  fingers'  breadths  above  it,  the 
aponeuroses  of  the  external  oblique  and  the  internal 
oblique  and  trausversalis  muscles  are  divided,  and  the 
transversalis  fascia  and  peritoneum  are  raised  from  the 
iliac  fossa  until  the  common  iliac  vessels  are  exposed. 
The  artery  is  clamped  or  ligated,  and  the  limb,  having 
been  raised  to  the  vertical  position  so  as  to  empty  it  of 
blood,  the  vein  is  also  occluded.  The  inner  aspect  of 
the  pelvis  is  now  explored  by  the  fingers  to  determine 
the  extent  of  the  disease,  and  the  site  at  which  the  in- 
nominate bone  is  to  be  divided  (Kocher). 

To  expose  the  posterior  aspect  of  the  bone,  an  in- 
cision is  made  like  that  for  exposing  the  gluteal  artery, 
that  is,  from  the  posterior  iliac  spine  downwards  and 
outwards  in  the  direction  of  the  fibres  of  the  "luteus 
maximus.  The  fibres  of  the  gluteus  maximus  are 
separated  and  drawn  aside  with  hooks,  and  the  gluteal 
artery  secured  at  its  emergence  from  the  notch.  The 
upper  margin  of  the  notch  is  defined  and  the  site  of 
division  of  the  bone  determined  upon.  The  tendon  of 
the  pyriformis  is  divided,  the  sciatic  nerves  exposed,  the 
great  one  injected  with  novocain,  and  both  cut  across. 
The  spine  of  the  ischium  is  chiselled  through  at  its  base, 
well  outside  the  pudic  vessels  and  nerve.  The  obturator 
internus  with  the  two  gemclli  is  displaced  down- 
wards, exposing  the  great  sciatic  ligament,  and  the 
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ischium  is  divided  witli  the  chisel  a  little  above  the 
tuberosity. 

The  existing  anterior  and  posterior  incisions  are 
now  joined,  the  gluteus  maximus  and  medius  muscles 
are  divided,  if  thought  advisable  between  clamps,  in 
the  line  in  which  it  is  proposed  to  divide  the  ilium. 
TJ:e  lateral  abdominal  muscles  are  then  divided  above 
the  crest  of  the  ilium,  again  between  clamps,  until 
the  crest  is  cleared  up  to  the  point  where  it  is  to  be 
divided.  The  external  iliac  vessels,  with  the  ilio-inguinal 
and  geuito-crural  nerves,  are  raised  from  the  inner 
border  of  the  psoas,  while  the  anterior  crural  and 
external  cutaneous  nerves  running  downwards  upon  the 
psoas  and  iliacus  are  divided.  The  ilio-psoas  is  cut 
across  high  up,  and  the  ilium  is  now  divided  right 
down  to  the  sciatic  notch  with  a  broad  chisel  or  a 
Gigli  saw. 

An  anterior  incision  outlining  the  inner  ilap  over 
the  adductors  is  now  made,  and  by  dividing  these 
muscles  access  is  obtained  to  the  femoral  vessels  and 
to  the  pubis.  The  vessels  are  ligated  above  the 
origin  of  the  profunda,  the  horizontal  ramus  of  the 
pubis  is  divided  with  the  chisel,  and  the  obturator 
muscles  cut  across.  The  pelvis  can  now  be  drawn 
downwards  and  outwards,  for  it  is  only  held  by 
the  levator  ani  and  pelvic  fascia  ;  the  latter  is  divided 
at  the  entrance  to  the  true  pelvis,  care  being  taken  to 
preserve  the  obturator  nerve  and  vessels  and  the  band 
of  fascia  to  which  the  levator  ani  and  coccygeus  muscles 
are  attached. 

The  posterior  and  outer  parts  of  the  incision  are 
completed,  the  hamstrings  cut  across  and  any  bleeding 
vessels  secured.  Tlie  clamps  compressing  the  muscles 
arc  now  removed  seriatim  and  the  vessels  ligated; 
the  temporary  clamp  or  ligature  on  the  common 
iliac  artery  is  removed,  and  the  obturator,  circumflex. 
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and  gluteal  arteries,  which  now  bleed,  are  seized  and 
tied. 

The  flaps  afford  sufficient  covering  if  the  entire 
innominate  bone  is  removed  at  the  sacro-iliac  joint.  If, 
however,  the  ilium  is  sawn  through,  more  covering  is 
required,  and  the  flaps  must  be  made  a  little  fuller. 


CHAPTER  XV 


AMPUTATIONS  OF  THE  UPPER  EXTREMITY 

Amputations  of  Fingers  and  Thumb.  Disarticulation  at 
Metacarpo-phalangeal  Joint.  Kemoval  of  Finger  or 
Thumb  with  Metacarpal.  Disarticulation  at  Wrist  : 
Methods.  Amputations  through  Forearm  :  Loicer  third ; 
Upper  third.  Disarticulation  at  the  Elbow:  Methods. 
Amputations  through  Upper  Arm  :  Methods.  Disarticu- 
lation at  Shoulder-Joint  :  Spcnce's method;  Fur neaux- Jordan's 
method;  Other  methods.  Interscapulo-thoracic  Amputation  : 
Berger's  method. 

The  first  consideration  in  planning  an  amputation  in 
the  upper  extremity  is  to  save  as  much  of  the  limb  as 
is  consistent  with  removal  of  the  diseased  or  grossly 
damaged  tissue,  and  to  conserve  as  far  as  possible  the 
movements  of  the  parts  retained. 

The  weight  or  pressure-bearing  capacity  of  the  stump 
being  of  secondary  importance,  it  is  as  a  rule  immaterial 
whether  or  not  the  scar  falls  opposite  the  end  of  the  bone. 

When  the  operation  is  being  performed  for  disease, 
such  as  tuberculosis  of  a  joint  or  a  malignant  growth, 
it  is  necessary  to  amputate  through  healthy  tissue  at 
some  distance  above  the  diseased  area,  and  a  satisfactory 
covering  for  the  bones  can  best  be  secured  by  selecting 
from  among  the  typical  operations  to  be  subsequently 
described  the  one  which  involves  least  sacrifice  of  tissue. 

In  amputating  for  injury,  on  the  other  hand,  set 
operations  should  be  avoided,  and  the  coverings  secured 
wherever  they  can  be  got,  the  primary  considerations 
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being  to  save  as  much  of  the  limb  as  possible,  and  to 
secure  asepsis  in  the  wound. 

In  any  case,  if  infection  is  prevented,  the  position  of  the 
scar  in  relation  to  the  end  of  the  bone  may  be  disregarded. 

Amputations  o£  the  Fingers  and  Thumb. —  The 
smallest  portion  of  a  finger  that  can  be  saved  is  of 
value  to  the  patient,  particularly  if  it  is  movable  and  is 
capable  of  being  opposed  to  the  thumb. 

In  dealing  with  the  thumh  it  is  even  more  important 
to  save  tissue,  with  the  object  of  furnishing  something 
against  which  the  other  fingers  or  stumps  can  be  opposed. 
Formal  amputations  must  as  far  as  possible  give  place 
to  mere  trimming  of  the  soft  parts,  such  bone  as  must 
be  sacrificed  being  shelled  out  of  its  investing  periosteum. 

Hence  the  importance  of  amputating  through  the 
phalanges  when  this  is  possible,  rather  than  of  disarti- 
culating, so  that  the  attachments  of  the  tendons  may  not  be 
disturbed.  The  attachment  of  the  flexor  profundus  tendon 
is  preserved  by  retaining  the  base  of  the  terminal  phalanx, 
and  that  of  the  flexor  sublimis  by  retaining  the  base  of  the 
second  phalanx.  It  is  to  be  borne  in  mind  that  the  pro- 
minence of  the  finger  joints  is  formed  by  the  distal  end  of 
the  proximal  bone  entering  into  the  formation  of  the 
joint,  hence  the  joint  always,  lies  distal  to  the  "knuckle." 

If  the  divided  ends  of  the  flexor  and  extensor  tendons 
are  stitched  to  one  another  over  the  end  of  the  bone,  the 
patient  obtains  control  of  the  movements  of  the  stump. 
To  enable  this  to  be  done  the  tendons  must  be  cut  as 
long  as  possible,  and  the  finger  should  be  somi-fiexed 
while  they  are  being  divided  so  that  they  may  be  as 
nearly  equal  as  possible.  In  stitching  the  tendons  it  is 
desirable  to  close  their  sheaths  so  that,  should  infection 
occur,  its  extension  by  way  of  the  sheath  may  be  prevented. 

When  possible  the  cicatrix  should  fall  towards  tlie 
dorsal  aspect,  as  this  is  the  part  of  the  finger  which  is 
least  subjected  to  pressure. 
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Amputation  through  the  Terminal  Phalanx. — It  has 
already  been  indicated  that  if  possible  the  base  of  the 
terminal  phalanx  should  be  retained,  because  wlien 
disarticulation  is  performed  at  the  inter-phalangeal  joint 
the  attachment  of  the  deep  flexor  tendon  is  necessarily 


Fig.  118.— Incisions  for  Amputations  of  Fingers. 


sacrificed.  A  semilunar  incision  is  made  on  the  dorsal 
aspect,  dividing  the  skin  and  the  extensor  tendon,  and 
after  snipping  across  the  bone  or  disarticulating,  as  the 
case  may  be,  a  rectangular  flap  is  formed  from  the 
palmar  aspect  by  cutting  from  within  outwards. 

An  ellij)tical  incision,  the  higher  end  of  the  ellipse 
being  on  tiae  dorsum,  is  equally  satisfactory. 
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Amputation  of  the  t%vo  Distal  Phalanges  of  the  Fingers. — 
An  attempt  should  always  be  made  to  save  the  attach- 
ment of  the  flexor  sublimis  tendon  by  dividing  the 
second  phalanx  beyond  its  base.  If  this  is  not  practicable, 
disarticulation  at  the  first  inter-phalangeal  joint  must 
be  performed  or  the  proximal  phalanx  divided. 

The  most  economical  method  is  by  cutting  palmar  and 
dorsal  flaps,  and,  to  ensure  that  the  scar  will  fall  just 
below  the  dorsal  edge  of  the  bone,  the  palmar  flap 
should  be  the  longer  of  the  two.  The  flexor  and 
extensor  tendons  are  sutured  across  the  face  of  the  bone 
and  their  sheaths  closed. 

The  operation  may  also  be  performed  by  lateral  flaps, 
or  by  a  single  long  palmar  flap ;  or  an  elliptical  incision 
may  be  made. 

Disarticulation  at  the  Metacarpo-phalangeal  Joint. — 

The  method  of  performing  this  operation  will  vary 
according  to  whether  the  chief  consideration  is  to  retain 
the  maximum  of  grasping  power  in  the  hand,  or  to  avoid 
disfigurement  and  leave  as  shapely  a  hand  as  possible. 

The  minimum  amount  of  disfigurement  follows  the 
use  of  a  racket-shaped  incision.  With  his  left  hand  the 
surgeon  grasps  the  digit  to  be  removed,  while  an  assistant 
holds  aside  the  adjacent  fingers  by  means  of  pieces  of 
moist  gauze  wrapped  round  them.  The  incision,  which 
is  carried  down  to  the  bone,  commences  on  the  dorsum 
immediately  above  the  centre  of  the  joint  (Fig.  118), 
and  is  carried  round  the  root  of  the  finger  at  the  level 
of  the  free  margin  of  the  web.  The  joint  is  most  easily 
opened  from  the  palmar  aspect,  and  the  glenoid  ligament 
is  best  divided  by  cutting  against  the  base  of  the  proximal 
phalanx.  In  the  middle  and  ring  fingers  it  is  usual 
to  retain  the  head  of  the  metacarpal  bone,  and  suflicient 
covering  must  be  provided  for  it,  but  if  a  neat  hand  is 
of  more  importance  to  tlie  patient  than  a  strong  one 
the  head  of  the  bone  should  be  removed.    This  allows  of 
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the  adjacent  fiDgers  falling  together  and  renders  the 
gap  less  conspicuous.  In  the  index  and  little  fingers 
the  appearance  of  the  hand  is  improved  by  cutting  the 
head  of  the  metacarpal  bone  obliquely  with  bone-pliers, 
and  to  give  the  necessary  access  for  this,  the  liandle  of 
the  racket  should  commence  over  the  neck  of  the  bone 
(Fig  118).  The  scar  is  less  noticeable  also,  although  more 
exposed  to  pressure,  if  the  handle  of  the  racket  is  placed 
towards  the  free  border  of  the  hand. 

In  patients  engaged  in  hard  manual  labour  who 
require  a  broad  hand  with  good  grasping  power,  the 
method  of  amputating  by  a  palmar  flap,  recommended  by 
John  Chiene,  is  to  be  preferred.  The  knife  is  entered 
over  the  prominence  of  the  knuckle  and  inclines  down- 
wards to  the  middle  of  the  lateral  aspect  of  the  root  of  the 
finger,  first  on  one  side  and  then  on  the  other  (Fig.  118). 
A  palmar  flap  extending  to  near  the  first  inter-phalangeal 
joint  is  then  formed  and  reflected,  and  the  joint  is 
disarticulated.  The  rectanglar  flap  does  not  at  first  fit 
accurately  into  the  V-shaped  gap  on  the  dorsum,  but 
the  ultimate  appearance  is  quite  good,  as  in  time  the 
redundant  tissue  shrinks  and  there  is  no  tendency  to 
transverse  contraction  of  the  palm. 

In  the  thumb  it  is  most  desirable  to  save  the  base 
of  the  proximal  phalanx,  as  to  it  are  attached  the 
tendons  of  the  extensor  brevis,  the  abductor,  the  ad- 
ductor, and  the  flexor  brevis  pollicis  muscles,  and  the 
preservation  of  these  attachments  adds  greatly  to  the 
usefulness  of  the  hand.  The  mobility  of  the  stump  is 
still  further  increased  by  accurately  stitching  the  tendons 
over  the  end  of  the  bone.  No  portion  of  the  thumb 
should  be  sacrificed  for  the  sake  of  leaving  a  more 
shapely  stump. 

In  operating  by  the  racket-shaped  incision  the  handle 
is  placed  in  tlie  middle  line  of  the  dorsum,  and  as  the 
head  of  the  first  metacarpal  is  much  larger  than  that 
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of  the  others  the  covering  provided  for  the  end  of  the 
stump  must  be  proportionately  more  generous.  In  plan- 
ning a  palmar  flap  by  Faraboeuf's  method,  the  incision 
must  be  carried  forwards  nearly  to  the  base  of  the  distal 
phalanx. 

Removal  of  a  Finger  or  Thumb  with  its  Metacarpal 

Bone. — This  operation  is  seldom  performed  except  in  the 
case  of  the  little  finger,  where  the  removal  of  the  meta- 
carpal adds  to  the  neatness  of  the  hand  without  appreci- 
ably diminishing  its  usefulness.  The  racket  method  is 
usually  suitable,  the  handle  being  placed  over  the  dorsum 
of  the  metacarpal  bone  and  the  "  blade  "  encircling  the 
digit  at  the  level  of  the  free  margin  of  the  web.  In  the 
outlying  fingers  the  handle  of  the  racket  should  be  placed 
well  away  from  the  free  edge  of  the  hand,  so  that  the 
scar  will  not  be  subjected  to  pressure.  As  far  as  possible, 
the  bone  should  be  removed  subperiosteally. 

Disarticulation  at  the  Wrist. — This  operation  is  to 
be  preferred  to  amputation  through  the  bones  of  the 
forearm,  as  it  preserves  the  inferior  radio -ulnar  joint  and 
the  attachments  of  the  pronator  and  supinator  muscles. 
The  stump  being  longer,  and  the  movements  of  pronation 
and  supination  being  retained,  any  artificial  substitute  for 
the  hand  that  may  be  applied  is  rendered  more  useful. 

Several  methods  of  operating  are  available,  and  the 
selection  must  be  made  to  meet  the  requirements  in 
different  cases. 

The  Circular  Method. — Grasping  the  par  t  to  be  removed 
in  his  left  hand,  the  surgeon  makes  an  incision  through 
the  skin  and  fascia  circularly  round  the  hand  about 
an  inch  and  a  half  below  the  level  of  the  radial  styloid. 
A  cuff  of  .skin  is  then  raised  with  a  few  touches  of  the 
knife  until  the  level  of  the  styloids  is  reached.  By 
putting  one  or  other  lateral  ligament  on  the  stretch  the 
joint  is  readily  entered,  and  by  flexing  the  wrist  the 
extensor  tendons  and  dorsal  ligaments  are  rendered  taut 
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and  are  divided.  The  structures  on  the  flexor  aspect 
and  the  remaining  lateral  ligament  are  next  cut  through. 

The  radial,  the  ulnar,  and  the  terminal  branches  of 
the  interosseous  arteries  having  been  secured,  and  the 
median  and  ulnar  nerves  pulled  out  and  cut  across  in 
the  usual  way,  the  flexor  and  extensor  tendons  are 
stitched  to  each  other  across  the  face  of  the  stump,  so 
that  the  function  of  the  muscles  of  the  forearm  may  to 
some  extent  be  preserved. 

The  scar  being  terminal  falls  in  the  hollow  between 
the  two  styloid  processes  and  is  therefore  not  pressed  upon 
by  the  circular  strap  which  secures  the  artificial  hand. 

The  elliptical  method  is  to  be  preferred  when  the 
injury  or  disease  involves  the  skin  on  the  dorsum  that 
is  required  in  the  circular  method.  The  highest  point 
of  the  ellipse  is  on  the  dorsum  at  the  level  of  the  tip 
of  the  radial  styloid,  and  the  lowest  point  in  the  palm 
about  two  and  a  half  inches  lower  down.  The  obliquity  of 
the  incision  may  be  increased  if  necessary. 

In  the  method  by  long  palmar  flap)  the  incision  which 
marks  out  the  flap  starts  below  the  radial  styloid,  crosses 
the  palm  a  little  above  the  level  of  the  fully  abducted 
thumb,  and  finishes  off  half  an  inch  below  the  ulnar 
styloid. 

The  flap  tapers  slightly  towards  its  free  extremity, 
and  when  raised  should  contain  all  the  soft  parts  down 
to  the  flexor  tendons,  namely,  the  muscles  in  the  thenar 
and  hypothenar  eminences,  the  palmaris  longus,  the 
median  nerve,  and  the  terminations  of  the  ulnar  artery 
and  nerve ;  if  the  pisiform  bone  is  healthy,  it  should  also 
be  raised  with  the  flap.  The  dorsal  incision  is  then 
made,  the  skin  and  fat  being  divided  by  a  straight  cut 
joining  the  ends  of  the  palmar  incision,  and  the  extensor 
tendons  at  the  level  of  the  retracted  skin.  After  the 
ligaments  have  been  divided,  the  operation  is  completed 
by  severing  the  mass  of  flexor  tendons. 
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A  single  external  flap,  taken  from  the  radial  side  of 
the  thumb  and  including  the  muscles  forming  the  thenar 
eminence,  may  be  employed  when  no  tissue  from  the 
ulnar  side  of  the  hand  is  available. 

Amputations  through  the  Forearm. — In  amputating 
through  the  forearm  that  method  which  will  yield  the 
longest  stump  is  to  be  selected,  and  if  possible  the  bones 
should  be  divided  below  the  insertion  of  the  pronator 
radii  teres,  so  that  some  degree  of  pronation  and  supi- 
nation is  possible.  The  longer  the  stump  is,  the 
greater  control  the  patient  has  over  the  artificial  limb, 
and  a  stump  which  can  be  pronated  and  supinated  is 
much  more  useful  than  one  which  can  only  be  flexed 
and  extended. 

After  these  amputations  the  bones  lose  the  support 
derived  from  the  inferior  radio-ulnar  joint,  and  their  lower 
ends  tend  to  fall  together  and  become  fused. 

In  its  lower  third  the  forearm  is  cylindrical  in  shape, 
and  the  circular  is  the  method  of  choice.  With  the 
limb  held  in  the  position  of  complete  supination,  a 
circular  incision  is  made  through  the  skin  and  fat,  and 
a  cuff  of  integument  is  turned  up.  About  an  inch 
below  the  level  at  which  the  bone  is  to  be  sawn,  the 
remaining  soft  parts,  which  consist  chiefly  of  tendons, 
are  divided,  either  by  cutting  from  without  inwards  or  by 
transfixion.  The  knife  is  then  thrust  between  the  bones 
to  divide  the  remaining  muscular  fibres  and  the  inter- 
osseous membrane.  With  the  limb  still  in  the  supinated 
position  the  saw  is  applied  close  up  to  the  retracted 
muscles,  and  the  section  of  the  radius  should  be  com- 
pleted first  as  the  ulna  is  the  more  fixed  bone. 

The  radial,  ulnar,  and  interosseous  vessels  are  secured, 
and  the  median  and  uluar  nerves  pulled  out  and 
shortened  in  the  usual  way.  The  skin  edges  are  ap- 
proximated with  sutures,  the  cicatrix  falling  opposite 
the  ends  of  the  bones. 
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The  stump  is  placed  in  the  position  midway  between 
pronation  and  supination,  bandaged  to  an  internal 
rectangular  splint,  and  supported  by  a  sling. 

As  soon  as  the  wound  has  healed,  massage  is  com- 
menced, movements  of  pronation  and  supination  are 
carried  out,  and  the  patient  is  encouraged  to  exercise  the 
muscles. 

When  the  soft  parts  are  destroyed  unequally  on  the 
two  aspects  of  the  limb,  the  elliptical  method  should  be 
employed,  or  the  covering  should  be  formed  by  making 
unequal  flaps. 

In  its  upper  two-thirds  the  forearm  is  conical,  and 
there  is  some  difficulty  in  reflecting  a  cuff  of  integument 
formed  by  a  circular  incision.  It  is  better,  therefore, 
to  form  two  semilunar  or  [J-sJiaped  flails  of  skin,  fat,  and 
fascia,  about  two  or  three  fingers'  breadth  in  length, 
dividing  the  muscles  at  the  base  of  the  flaps,  and  sawing 
the  bones  at  a  higher  level. 

In  other  respects  the  operation  is  the  same  as  for 
amputation  in  the  lower  third. 

A  racket-shaped  incision,  the  handle  of  the  racket 
being  placed  over  the  posterior  border  of  the  ulna,  is 
recommended  by  Kocher. 

Disarticulation  at  the  Elbow.— In  planning  this  opera- 
tion it  is  necessary  to  provide  ample  flaps  to  cover  the 
broad  condylar  end  of  the  humerus.  The  breadth  of  the 
stump,  as  compared  with  that  resulting  from  amputation 
above  the  condyles,  favours  the  fitting  of  a  satisfactory 
artificial  limb  and  gives  the  patient  greater  control  over 
it.  Whatever  method  of  forming  the  covering  for  the 
bone  is  adopted,  it  will  be  found  that  disarticulation  is 
best  effected  from  the  radial  side,  the  knife  entering  the 
joint  between  the  head  of  the  radius  and  the  capitellum. 

By  the  Circular  Method. — An  operation  performed  on 
the  same  lines  as  that  for  disarticulation  at  the  knee, 
suggested   by  A.  G.  Miller,  is  the  method  of  choice. 
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The  incision  dividing  the  skin  and  fascia  should  pass 
round  the  limb  obliquely,  extending  about  three  fingers' 
breadth  below  the  line  of  the  joint  on  the  radial 
side,  and  only  two  fingers'  breadth  on  the  ulnar  side. 
In  this  way  the  greater  retraction  of  the  muscles 
on  the  radial  side  is  provided  for,  and  the  flap?  are 
equalised.  The  limb  should  be  fully  extended  and 
supiuated  while    the  incisions  are  being  made.  By 


Fig.  119. — Disarticulation  at  Elbow  by  Elliptical  lucisioii. 


putting  the  ligaments  on  the  stretch  seriatim,  disarti- 
culation is  easily  effected.  By  bending  the  fore-arm 
backwards  the  triceps  attachment  is  exposed,  and  can 
be  divided  from  the  front. 

The  vessels  to  be  secured  are  the  brachial  or  the 
radial  and  ulnar,  according  to  the  level  of  section,  and 
the  terminal  branches  of  the  superior  and  inferior 
profunda  and  anastomotic  arteries.  The  median  nerve 
is  found  to  the  ulnar  side  of  the  biceps  tendon,  and 
the  ulnar  nerve  behind  the  internal  condyle,  and  both 
are  shortened. 
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In  employing  the  elliptical  vielhod  (Fig.  119)  the 
upper  end  of  the  ellipse  is  placed  on  the  flexor  aspect  at 
the  level  of  the  fold  of  the  elbow,  and  the  lower  end  on 
the  extensor  aspect  a  hand's  breadth  below  the  joint,  thus 
securing  a  covering  of  skin  which  is  accustomed  to  bear 
pressure.  In  raising  the  soft  parts  posteriorly  the 
periosteum  of  the  ulna  and  the  insertions  of  the 
triceps  and  anconeus  should  be  stripped  off  the  bone 
(Kocher). 

If  the  skin  on  the  back  of  the  limb  is  not  available, 
the  direction  of  the  ellipse  may  be  reversed,  as  in  the 
operation  devised  by  Faraboeuf. 

Amputations  through  the  Upper  Arm. — The  circular 
method  being  the  most  economical  of  tissue,  and  furnish- 
ing a  terminal  scar  which  does  not  interfere  with  the 
attachment  of  an  artificial  limb,  is  to  be  preferred  when 
the  destruction  of  skin  is  equally  distributed  around  the 
limb.  When  the  soft  parts  are  damaged  more  on  one 
aspect  than  on  another,  the  elliptical  or  the  flap  method 
enables  a  longer  stump  to  be  left. 

Whatever  method  is  employed,  the  upper  arm  is  held 
horizontally  and  is  abducted  to  a  right  angle. 

The  haemorrhage  is  controlled  by  an  assistant  com- 
pressing the  subclavian  artery  against  the  first  rib,  or 
by  isolating  and  securing  the  brachial  vessels  before 
they  are  cut  across.  A  tourniquet  may  be  employed 
for  amputations  in  the  lower  third  of  the  upper 
arm,  but  higher  than  this  there  is  difficulty  in  pre- 
venting it  slipping  downwards  unless  it  is  retained  in 
position  by  steel  pins  transfixing  the  limb,  or  by  an 
arrangement  of  bandages,  and  these  are  apt  to  be  in 
the  way. 

Circular  Method. — The  site  of  bone  section  having 
been  determined,  a  circular  incision  is  made  through  the 
skin,  fat,  and  fascia  at  a  distance  below  that  equal  to 
about  the  diameter  of  the  limb.     By  circular  sweeps 
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of  the  knife,  the  surgeon  divides  first  the  superficial 
and  then  the  deep  muscles.  The  deltoid,  coraco- 
brachialis,  and  biceps  muscles  being  free,  rietract  more 
than  the  brachialis  anticus  and  triceps  which  are 
attached  to  the  bone.  The  soft  parts  are  then  retracted, 
special  care  being  taken  that  the  musculo-spiral  nerve  is 
removed  from  its  groove  and  cut  across,  and  the  saw  is 
applied  at  the  site  selected. 

In  the  lower  third  of  the  arm  the  brachial  artery  will 
be  found  on  the  front  of  the  bone,  in  the  upper  two- 
thirds  towards  its  inner  side.  The  median  nerve  lies  in 
front  of  the  artery,  the  ulnar  to  its  inner  side,  and  the 
musculo-spiral  nerve,  accompanied  by  the  superior 
profunda  artery,  lies  behind  or  to  the  outer  side  of 
the  bone. 

The  vessels  and  nerves  having  been  dealt  with  as 
usual,  the  muscles  are  stitched  to  each  other  over  the 
end  of  the  bone,  and  the  edges  of  the  skin  are  sutured  in 
the  horizontal  plane. 

When  the  elliptical  method  is  employed  the  liigher 
end  of  the  ellipse  should  lie  over  the  inner  bicipital  sulcus 
(Kocher). 

If  the  Jlap  method  is  adopted  the  flaps  should  be 
external  and  internal,  as  it  is  alleged  that  when  anterior 
and  posterior  flaps  are  employed,  the  deltoid  is  liable  to 
abduct  the  bone  and  project  it  against  the  outer  angle 
of  the  wound  where  the  two  flaps  meet. 

Disarticulation  at  the  Shoulder-Joint.— The  method 
selected  for  disarticulation  at  the  shoulder-joint  will  be 
determined  to  a  large  extent  by  the  nature  of  the  lesion 
which  necessitates  the  operation.  In  cases  of  injury, 
the  irregular  destruction  of  skin  and  other  soft  parts 
limits  the  selection  of  flaps  to  the  least  damaged  area. 
When  the  operation  is  done  for  malignant  disease  tlie 
incisions  must  be  planned  so  as  to  include  in  the  cover- 
ing the  parts  most  remote  from  the  new  growth.  The 
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condition  of  the  humerus  also  influences  the  selection, — 
when  it  is  intact  the  method  associated  with  the  name  of 
Speuce  is  suitable  ;  when  its  continuity  is  broken  either 
by  injury  or  by  disease,  the  Furneaux-Jordan  method  is 
to  be  preferred. 

Hfemorrhage  is  best  controlled  by  securing  the  main 


Fig.  120.— Incisions  for  Amputation  of  Right  Shoulder,  and  for 
Interscapiilo-thoracic  Amputation — Left. 


vessels  before  they  are  divided.  It  is  impossible  to 
apiDly  a  tourniquet,  and  compression  of  the  subclavian 
artery  is  unreliable  and  interferes  with  the  manipulations 
of  the  operator. 

The  surgeon  may  manipulate  the  upper  arm  with 
his  left  hand,  which  has  the  advantage  of  enabling 
him  to  clear  the  head  of  the  bone  with  greater  precision, 
or  he  may  entrust  the  limb  to  an  assistant  and  use  liis 
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own  left  hand  to  retract  the  soft  parts  as  they  are 
divided. 

Spence's  Operation. — The  limb  being  slightly  abducted 
and  the  upper  arm  rotated  outwards,  the  point  of  a 
strong  knife  is  entered  immediately  to  the  outer  side  and 
slightly  above  the  coracoid  process,  so  that  it  at  once 
enters  the  shoulder  joint  and  impinges  on  the  head  of 
the  bone.    With  a  sawing  movement  the  knife  divides 
the  soft  parts  in  the  line  of  the  bicipital  groove,  cutting 
through  the  clavicular  fibres  of  the  deltoid  and  the 
sternal  fibres  of  the  pectoralis  major.     With  a  gentle 
curve  the  incision  is  carried  across  the  outer  and  posterior 
aspect  of  the.  limb,  dividing  the  lower  fibres  of  the 
deltoid ;  but  on  reaching  the  inner  aspect  of  the  arm,  as 
it  passes  over  the  main  vessels,  the  incision  is  carried 
through  the  skin,  and  fat  only.    The  deltoid  flap,  with 
the  posterior  circumflex  artery  entering  its  deep  surface, 
is  then  raised  from  the  bone  and  held  out  of  the  way  by 
an  assistant,  thus  exposing  the  head  and  tuberosities  of 
the  humerus.    The  tendinous  insertions  of  the  capsular 
muscles,  the  long  head  of  the  biceps,  the  capsule  itself, 
and  the  broad  tendon  of  the  subscapularis  are  divided 
one  after  another  by  cutting  directly  upon  the  anatom- 
ical neck  and  tuberosities — the  arm  being  rotated,  first 
inwards  and  then  outwards,  to  expose  these  various 
structures  in  the  vertical  part  of  the  incision.    The  head 
of  the  bone  is  protruded  at  the  wound  by  forcibly 
depressing  the  elbow,  and  the  disarticulation  is  thus 
completed.     The  knife  is  then  inserted  between  the 
humerus  and  the  soft  parts  on  the  inner  side,  by  which 
alone  the  limb  is  connected  to  the  trunk,  and,  the 
edge  being  kept  close  to  the  bone,  these  are  divided, 
first  from    above  downwards   and   then  from  within 
outwards,  the  last  parts  to  be  cut  being  those  opposite 
the  superficial  portion  of  the  original  circular  incision. 
The  main  vessels  may  be  exposed  and  secured  with 
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forceps  before  they  are  divided,  or,  following  Spence's 
practice,  the  assistant  may  follow  the  knife  as  it 
divides  the  structures  on  the  inner  side  and  grasp  the 
artery  before  it  is  cut.  The  latter  method  is  not  free 
from  danger,  as  the  great  mobility  of  the  artery  may 
cause  it  to  slip  from  the  fingers  of  an  unskilled  assistant. 
The  nerve  trunks  are  dealt  with  in  the  usual  way,  the 
muscles  sutured,  and  the  wound  closed  so  as  to  leave  a 
vertical  cicatrix. 

Furncaux-Jordan's  Method. — In  this  proceediug,  which 
resembles  the  corresponding  operation  at  the  hip,  it  is 
possible,  after  emptying  the  limb  of  blood,  to  apply  an 
elastic  tourniquet  to  the  junction  of  the  arm  with  the 
trunk,  and  to  prevent  it  from  slipping  either  by  skeweis 
transfixing  the  limb,  or  by  means  of  an  elastic  band 
applied  as   a  figure-of-eight  underneath   the  opposite 
shoulder.    A  circular  amputation  is  performed  at  the 
level  of  the  lower  fibres  of  the  deltoid,  and  the  bone  is 
divided  at  the  level  of  the  retracted  soft  parts.  The 
vessels  are  secured,  after  which  the  tourniquet  is  removed 
and  any  other  bleeding  points  attended  to.    A  vertical 
incision  is  now  made  in  the  line  of  the  bicipital  groove, 
and  the  upper  end  of  the  humerus  is  cleared  and  removed 
as  in  excision  of  the  shoulder;  or,  if  the  periosteum 
is  healthy,  the  bone  may  be  shelled  out  so  as  to  preserve 
that  membrane  and  its  bone-forming  functions. 

This  method  is  specially  indicated  when  the  humerus 
is  smashed,  or  when  skilled  assistance  is  not  available,  and 
it  should  be  preferred  to  Spence's  when  it  is  possible  to 
preserve  the  periosteal  investment  of  the  bone. 

A.  G.  Miller  has  devised  a  method  of  disarticulating 
at  the  shoulder  by  a  circular  incision  placed  about  a 
hand's  breadth  below  the  acromion  process. 

Amputation  at  the  shoulder  by  means  of  skin  flaps  in 
cases  of  malignant  disease  of  the  upper  end  of  the 
humerus  is  not  to  be  recommended,  because  when  a 
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radical  removal  of  the  disease  is  aimed  at  the  scapula 
with  its  muscles  should  also  be  removed. 

Interscapulo  -  thoracic  Amputation. — This  operation, 
perfected  by  Berger  in  1887,  is  most  commonly  per- 
formed for  injury  and  for  malignant  disease  of  the  upper 
end  of  the  humerus,  but  it  is  sometimes  indicated  in 
acute  gangrene  and  other  infective  conditions. 

The  first  step  in  the  operation  is  the  exposure  and 
ligation  of  the  main  vessels  where  they  pass  beneath  the 
clavicle.  The  incision  employed  is  racket-shaped,  and 
that  portion  which  forms  the  handle  of  the  racket  begins 
at  the  sternal  end  of  the  clavicle  and  passes  along  the 
entire  length  of  that  bone.  The  periosteum  of  the 
clavicle  is  incised  and  stripped  and  the  bone  divided, 
preferably  with  a  wire  saw,  at  the  junction  of  its 
inner  and  middle  thirds,  thus  permitting  the  outer  and 
longer  portion  of  the  bone  to  be  drawn  outwards  with 
a  hook.  Some  surgeons  prefer  to  resect  the  middle 
third  of  the  bone.  The  subclavius  muscle  and  its 
fascia  are  carefully  divided  to  expose  the  main  vessels 
and  nerves ;  the  nerves  are  blocked  by  injecting  novocain 
into  them,  and  are  cut  across  with  a  knife  rather 
than  with  scissors,  one  after  another.  The  artery  is 
next  secured  by  two  ligatures  and  divided  between  them, 
and  then  the  vein  is  similarly  dealt  with;  the  limb 
may  be  elevated  to  empty  it  of  blood  before  the  vein 
is  tied. 

Hemorrhage  in  the  later  stages  of  the  operation  may 
be  reduced  to  a  minimum  by  securing  also  those  branches 
of  the  subclavian  that  pass  outwards  in  front  of  the 
scaleni — the  superficial  and  ascending  cervical,  the  supra- 
scapular, and  the  transversalis  colli.  This  procedure, 
however,  prolongs  the  operation,  and  it  is  not  always 
advisable  to  adopt  it.  If  a  skewer  is  used,  it  is  passed 
down  Ijehind  the  clavicle  between  the  scapula  and  the 
chest  wall,  and  brought  out  in  the  axilla;  the  elastic 
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touraiquet  is  then  applied  in  front  in  the  form  of  a 
figure-of-eight. 

These  precautions  against  haemorrhage  having  been 
taken,  the  arm  is  abducted  to  a  right  angle  with  the 
trunk,  and  the  flaps  are  mapped  out  by  carrying  a  skin 
incision  downwards  across  the  front  of  the  shoulder  from 
the  centre  of  the  incision  along  the  clavicle  to  the 
anterior  fold  of  the  axilla,  then  across  the  inner  aspect 
of  the  arm  to  the  posterior  axillary  fold,  and  thence 
down  the  chest  wall  to  the  inferior  angle  of  the  scapula 
(Fig.  120). 

The  pectoral  muscles  are  cut  across,  and  the  vessels 
related  to  them  secured.  The  dissection  is  continued 
along  the  outer  wall  of  the  thorax  towards  the  ventral 
surface  of  the  scapula,  any  infected  glands  that  may 
be  present  being  raised  from  the  surface  of  the  serratus 
magnus.  The  latissimus  dorsi  is  divided  close  to  its 
insertion,  unless  the  presence  of  infected  glands  should 
call  for  its  division  nearer  the  thorax. 

The  limb  is  now  forcibly  drawn  across  the  trunk 
towards  the  opposite  side,  and  the  patient  partly  rolled 
over  so  as  to  expose  his  back.  It  is  then  possible  to  com- 
plete the  blade'  of  the  racket,  by  continuing  the  incision 
through  skin  and  fascia  from  the  outer  end  of  the  incision 
along°the  clavicle  to  the  inferior  angle  of  the  scapula 
(Fig°120). 

The  skin  and  fascia  are  raised  by  dissection,  and  the 
attachments  of  the  trapezius  to  the  spine  of  the  scapula, 
of  the  levator  to  the  superior  angle,  and  of  the  rhomboids 
to  the  vertebral  border,  are  divided  in  succession,  and 
the  omo-hyoid  is  then  detached  from  the  upper  border. 
The  division  of  these  muscles  is  more  easily  accomplished 
if  they  are  made  taut  by  drawing  the  scapula  away 
fi-om  the  trunk.  If  the  branches  of  the  posterior  and 
supra-scapular  arteries  have  not  already  been  secured 
they  must  be  seized  with  forceps  as  they  are  divided. 
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Axillary  fascia  |  |  Pectoralis  minor 

Axillary  vein     Pectoralis  major 

Fig.  121.— Interscapulo-thoracic  Amputation,  1st  stage. 


If  the  skin  flaps  necessary  for  the  operation  as  de- 
I'ibed  above  are  not  available,  a  covering  may  be 
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obtained  elsewhere,  as,  for  example,  from  the  upper  arm 
(Keen).  Drainage  is  best  secured  by  bringing  a  small 
tube  through  an  opening  made  for  the  purpose  in  the 
posterior  flap.  The  sldn  edges  form  a  comparatively 
small  linear  wound  running  downwards  and  outwards. 

The  operation  is  not  an  easy  one  to  perform,  and 
we  have  experienced  some  difficulty  in  controlling  the 
bleeding  from  the  supra-scapular  and  other  veins  running 
into  the  main  trunk  behind  the  clavicle.  In  separating 
the  structures  attaching  the  scapula  to  the  chest  wall 
we  have  found  it  an  advantage  to  have  the  arm  forcibly 
pulled  from  the  side,  and  to  grasp  the  scapula  with  the 
left  hand  and  divide  the  muscles  with  a  probe-pointed 
knife. 


I 


CHAPTEE  XVI 
OPERATIONS  ON  SKULL  AND  BRAIN 

Tkephtning.  Wagnkr's  Osteoplastic  Operation.  Opera- 
tions FOR  Intracranial  Haemorrhage  :  Middle  meningeal 
hcemorrhage ;  Hcemorrhage  from  venous  sinuses;  Intracranial 
hcemorrhage  of  newly-born.  Operation  for  Traumatic 
Epilepsy.  Operation  for  Traumatic  Insanity.  Opera- 
tions for  Injuries  of  Skull  :  For  compound  fractures ;  for 
sim'ple  fractures;  for  fractures  of  base;  for  bullet  wounds. 
Operations  for  Intracranial  Suppuration  :  For  extra- 
dural abscess;  for  tem/poral  abscess;  for  cerebellar  abscess.  Opera- 
tions FOR  Cephaloceles  :  For  Hydrocephalus  ;  for 
Cerebral  Tumours  ;  for  Cerebellar  Tumours  ;  for 
Tumours  of  Acusticus.  Decompression  Operations.  Oper- 
ations for  Eemoval  op  Gasserian  Ganglion.  Operations 
on  the  Hypophysis  Cerebri.  Operations  for  Mastoid 
Disease.    Operation  on  Frontal  Sinus. 

Theke  are  two  methods  of  opening  the  skull:  (1)  by 
Trephining,  in  which  a  disc  of  bone  is  removed  by- 
means  of  the  classical  hand-trephine,  and  the  opening 
in  the  skull  enlarged,  if  necessary,  by  nibbling  with 
rongeur  forceps ;  and  by  (2)  Craniotomy,  or  the  raising 
of  a  llap  of  bone  together  with  the  overlying  area  of 
scalp  in  one  piece — Warjncr's  osteoplastic  oj^eration. 

Trephining. — In  this  country  trephining  is  still  the 
routine  method  employed  in  the  great  majority  of  cases 
in  which  a  positive  diagnosis  as  to  the  site  and  nature 
of  the  lesion  can  be  made, — for  example,  in  cases  of 
intracranial  haemorrhage  or  suppuration,  localised  cysts, 
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depressed  and  other  fractures  of  the  vault,  or  bullet 
wounds. 

For  tumours  which  cannot  be  definitely  localised,  or 
for  traumatic  epilepsy  where  it  may  be  necessary  to 
explore  a  considerable  area  of  the  brain,  the  osteoplastic 
operation  is  preferable. 


Fig.  122.— To  illustrate  the  Sites  of  Various  Operations 
on  tlie  Skull. 


Frejjaration  hefore  Operation.  —  The  general  pre- 
paration of  the  patient  is  carried  out  in  the  same 
way  as  for  other  major  operations.  Gushing  recom- 
mends the  administration  of  urotropin  for  some  days 
before  operation,  as  this  drug  is  excreted  into  the 
cerebro-spinal  fluid  and  acts  as  an  antiseptic.  The 
whole  scalp  should  be  shaved  the  day  before  operation, 
purified  by  washing,  and  covered  with  sterile  gauze 
retained    in  position    by  a   bandage.     The  abundant 
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blood  supply  of  the  scalp  renders  it  comparatively 
immune  to  septic  infection,  and  some  surgeons,  notably 
Gushing,  relying  upon  this,  dispense  with  all  preliminary 
preparation  until  the  patient  is  on  the  operating  table. 
The  sterilised  towels  surrounding  the  field  of  operation 
are  conveniently  kept  in  position  by  means  of  a  few 
silkworm-gut  stitches  fixing  them  to  the  scalp. 

Ancesthesia.  —  We  have  found  it  of  considerable 
advantage  to  inject  scopolamin  (one-hundredth  grain) 
and  morphin  (half  grain)  before  operation,  and  we 
prefer  chloroform  to  ether  as  a  general  an£Bsthetic,  as 
it  lowers  the  blood  pressure  and  causes  less  congestion 
of  the  cerebral  vessels,  and  so  diminishes  the  amount 
of  oozing.  The  antesthetic  must  however,  be  carefully 
administered,  as  the  lowering  of  the  blood  pressure  may 
become  a  source  of  danger  and  there  is  considerable 
risk  of  paralysis  of  the  respiratory  centre.  To  diminish 
these  risks  oxygen  should  be  administered  along  with 
the  chloroform  (Horsley). 

The  patient  shoidd  be  placed  in  a  reclining  position, 
(30  degrees),  with  the  head  resting  on  a  firm  sand-bag  or 
other  support. 

Prevention  of  Shock. — Brain  operations  are  attended 
with  considerable  shock,  which  is  partly  due  to  hasmor- 
rhage,  and  partly  to  extensive  opening  of  the  cranial 
cavity  disturbing  the  intracranial  tension,  and  so  affecting 
the  functions  of  the  cardiac,  respiratory,  and  vaso- 
motor centres.  The  temperature  of  the  room  must 
not  be  below  75' P.,  and  the  operating  table  should 
be  suitably  heated  or  the  patient  surrounded  with 
hot  bottles. 

Horsley  lays  considerable  stress  on  the  importance 
of  allowing  a  constant  stream  of  saline  solution  at  a 
temperature  of  11 5°  F.  to  How  over  the  brain  during 
the  whole  time  it  is  exposed.  Bleeding  should  be 
thoroughly  controlled,  and  the  brain  should  be  handled 
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as  little  and  as  gently  as  posssble.    The  more  quickly 
the  operation  is  performed  the  less  is  the  shock. 

As  a  further  precaution  in  extensive  operations,  such 
as  the  removal  of  a  cerebral  tumour  or  an  operation  for 
epilepsy,  Horsley  and  Krause  recommend  that  the  opera- 
tion be  performed  in  two  stages — the  first  consisting  in 
opening  the  skull ;  the  second,  undertaken  from  six  to 
fourteen  days  later,  in  opening  the  dura  and  dealing  with 
the  intracranial  lesion.  This  also  lessens  the  risk  of 
sudden  hernia  cerebri  and  widespread  paralysis  (Cusli- 
ing).  As  the  brain  is  insensitive  an  anaesthetic  may  be 
dispensed  with  at  the  second  operation. 

Control  of  Rcemorrhage. — The  most  convenient  means 
of  diminishing  bleeding  from  the  scalp  and  bone  is 
to  apply  a  piece  of  stout  rubber  tubing  or  a  Bier's 
elastic  bandage  round  the  head  from  the  glabella  to  the 
suboccipital  region,  with  a  piece  of  tape  passing  along 
the  vertex  to  prevent  the  tourniquet  slipping  down  over 
the  eyes  and  on  to  the  nape  of  the  neck.  In  this  way 
the  frontal,  temporal,  and  occipital  vessels  are  controlled. 

Temporary  ligation  of  the  main  vessels  in  the  neck 
(Crile),  and  the  passage  of  subcutaneous  sutures  through 
the  scalp  at  the  base  of  the  flap  so  as  to  grasp  the 
feeding  arteries  (Kradel),  are  alternative  methods. 

The  divided  vessels  should  at  once  be  caught  with 
forceps  and  ligated ;  any  bleeding  vessel  that  cannot  be 
so  secured  may  be  encircled  with  a  catgut  suture. 

In  separating  the  pericranium,  considerable  bleeduig 
may  occur  from  emissary  veins,  especially  in  the  mastoid 
region,  in  the  posterior  fossa,  and  over  the  transverse  and 
longitudinal  (saggital)  sinuses.  This  may  to  some  extent 
be  prevented  by  pulling  the  veins  gently  out  of  then- 
foramina  and  securing  them  with  forceps  and  ligature, 
or  by  throwing  a  ligature  round  them  with  the  aid  of  an 
aneurysm  needle. 

Bleeding  from  the  diploe  is  seldom  serious,  and 
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usually  be  arrested  by  pressure  or  by  the  application  of 
Horsley's  antiseptic  putty,  which  consists  of  carbolic 
acid  one  part,  olive  oil  two  parts,  and  beeswax  seven 
parts.  If  a  large  sinus  in  the  bone  bleeds,  it  may  be 
plugged  with  a  chip  of  bone  removed  from  the  skull  or 
a  small  ivory  peg,  or  the  portion  of  bone  may  be  crushed 
with  forceps.  Sometimes  the  middle  meningeal  artery 
runs  in  a  canal  in  the  bone  instead  of  in  a  groove  in 
the  vitreous  table,  and  is  divided  in  sawing  the  bone  ; 
bleeding  from  it  is  best  stopped  by  plugging. 

The  most  dangerous  bleeding,  however,  occurs  from 
the  meningeal  vessels,  particularly  the  larger  veins 
where  they  widen  out  into  broad  sinuses  before  opening 
into  the  great  intracranial  sinuses.  The  arterial  bleeding 
is  seldom  difficult  to  control.  The  area  supplied  by  the 
middle  meningeal  is  the  most  dangerous.  The  branches 
can  usually  be  seen,  and  should  be  encircled  by  fine 
catgut  passed  with  a  short  round  needle,  or  by  fine 
silver  wire  clips. 

GiMing  of  Flap. — When  the  scalp  is  intact,  a  horse- 
shoe shaped  flap  with  its  base  downwards  is  reflected, 
and  if  possible  it  should  be  planned  so  as  to  have  the 
temporal  or  occipital  artery  running  in  its  base. 

The  incision  is  carried  down  to  the  bone,  and  the 
pericranium  is  reflected  along  with  the  scalp.  Any 
emissary  veins  should  be  gently  pulled  out  of  their 
foramina  and  caught  with  forceps,  or  encircled  with 
a  ligature  with  the  aid  of  an  aneurysm  needle. 

The  trephine  is  then  applied.  The  centre  pin  is 
pushed  into  the  bone  as  far  as  it  will  go,  and  with  sliort 
sharp  movements  the  sawing  edge  of  the  instrument 
is  worked  into  the  bone,  pressure  being  made  (july  with 
the  movement  of  supination,  as  it  is  only  in  tliis 
direction  that  the  saw  bites.  As  soon  as  a  uniform 
groove  has  been  made  by  the  saw,  tlie  centre  pin  is 
removed,  and  tlie  sawing  is  continued  until  the  diploii 
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is  entered.  This  is  recognised  by  the  oozing  which 
takes  place  from  the  groove,  and  by  observing  that 
the  tissue  is  softer  and  offers  less  resistance.  As  the 
thickness  of  the  bone  varies  at  different  parts  of  the 
skull,  care  must  be  taken  to  avoid  perforating  the  bone 
at  one  part  of  the  circle  sooner  than  at  another.  From 
time  to  time  the  trephine  should  be  removed  and  its 
teeth  cleared  of  bone  dust  by  rinsing  it  in  sterile  salt 
solution  and  rubbing  it  with  a  gauze  swab.  The  depth 
of  the  groove  in  the  bone  is  estimated  from  time  to 
time  by  means  of  a  sterilised  toothpick  or  probe. 

After  the  diploe  has  been  traversed  and  the  trephine 
reaches  the  vitreous  table,  it  meets  with  more 
resistance,  and  great  care  must  be  taken  to  saw  this 
table  evenly  and  not  to  go  through  it  suddenly. 

When  the  circle  has  been  isolated  it  frequently  comes 
away  in  the  trephine ;  if  not,  it  can  easily  be  removed 
with  the  aid  of  an  elevator.  No  attempt  should  be  made 
to  prise  it  up  until  the  vitrea  has  been  sawn  through 
completely,  otherwise  this  table  is  liable  to  be  splintered, 
or  the  circle  may  only  contain  the  outer  table  and  diploe. 

In  children  before  the  diploe  is  developed,  and  in  the 
temporal  and  suboccipital  regions  in  adults,  the  bone  is 
specially  thin.  In  children  the  dura  mater  is  closely 
adherent  to  the  vitrea. 

If  it  is  necessary  to  enlarge  the  opening  this  may  be 
done  with  rongeur  or  gouge  forceps,  or  other  cutting 
instrument. 

Opening  of  Btcra  Mater.  —  This  is  best  done  by 
cutting  a  flap.  When  near  the  longitudinal  sinus  the 
base  of  the  flap  should  be  towards  the  sinus;  when 
near  the  floor  of  the  skull,  it  should  be  downwards, 
to  avoid  cutting  the  larger  vessels  which  run  towards 
the  vertex. 

The  incision  in  the  dura  should  not  be  made  flush 
with  the  bone,  as  it  may  be  desirable  to  suture  the  flap 
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in  position  again.  A  crucial  incision  with  folding  aside 
of  four  small  flaps  does  not  give  sufficient  room. 

Any  vessel  seen  crossing  the  line  of  the  projected 
incision  in  the  dura  should  be  secured  before  division  by 
being  encircled  with  a  fine  catgut  suture  carried  on  a 
small  round  needle  and  tied  above  and  below  the  point 
of  section.  The  dura  is  picked  up  with  toothed  forceps 
and  incised,  great  care  being  taken  not  to  injure  the 
subjacent  arachno-pia. 

The  further  steps  of  the  operation  vary  with  its 
purpose  and  will  be  referred  to  later. 

Craniotomy  or  Wagner's  Osteoplastic  Resection  o£  Skull. 
— This  operation  is  to  be  preferred  to  trephining  in 
cases  in  which  it  is  necessary  to  expose  a  considerable 
area  of  the  brain  in  order  to  deal  with  an  extensive 
tumour,  and  when  the  operation  is  primarily  an  ex- 
ploratory one  to  determine  the  precise  situation  and 
nature  of  the  intracranial  lesion. 

The  preliminary  steps  are  the  same  as  for  trephining. 

Formation  of  Osteojjlastic  Flap. — As  the  success  of 
this  procedure  depends  to  a  large  extent  on  reflecting 
the  scalp,  pericranium,  and  bone  in  one  piece  so  that 
the  vitality  of  the  bone  is  preserved  through  its 
vascular  connections  with  the  soft  parts,  it  is  of  great 
importance  to  plan  the  steps  of  the  operation  in  such 
a  way  as  to  diminish  the  risks  of  separating  the  scalp 
from  the  bone.  We  have  found  that  this  is  best 
effected  by  carrying  out  the  operation  in  the  following 
manner, 

The  area  of  bone  to  be  reflected  is  delimited  by 
making  a  scratch  with  a  needle  on  the  scalp  at  each  of 
its  four  corners. 

The  incision  in  the  scalp  is  eventually  to  be  omega- 
shaped  (n),  but  to  begin  with  only  the  curves  nf  the 
omega  opposite  each  corner  are  made  (Fig.  12:!). 
Each  of  these  incisions  goes  down  to  bone,  and  the  small 
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flaps  are  reflected.  With  a  J-inch  trephine  a  circle 
of  bone  is  removed  at  each  corner.  A  flexible  grooved 
director  is  then  passed  between  the  bone  and  the 
dura  mater,  and  along  this  director  is  slipped  the 
Gi'di  saw,  with  or  without  the  aid  of  an  introducer, 
and  each  of  the  four  sides  of  the  bone  flap  is  in  turn 
sawn  through  from  within  outwards,  care  being  taken 
to  cut  the  bone  obliquely  so  that  the  surfaces  are 


Fig.  123.— Wagner's  Csteoplastic  Kesectiou  of  Skull,  1st  stage. 


bevelled  (Fig.  124).  The  advantage  of  this  is  that 
when  the  osteo- cutaneous  flap  is  replaced  the  bevelling 
prevents  it  sinking  in  upon  the  dura  mater  (J.  M. 
Cotterill). 

After  the  four  sides  of  the  bone  flap  have  thus  been 
divided,  an  elevator  is  passed  in  at  the  two  upper  tre- 
phine openings,  and,  the  intact  skull  edge  acting  as  a 
fulcrum,  the  bone  is  gently  raised. 

The  omega  (H)  incision  is  now  completed  (Fig.  124). 

The  osteo-cutaueous  flap  can  now  be  turned  down- 
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wards  on  its  base.  As  this  is  being  clone  the  dura 
mater  is  gently  separated  from  its  deep  surface. 

The  flap  is  now  wrapped  in  gauze  wrung  out  of 
hot  saline  solution,  and  to  avoid  unnecessaiy  handling 
with  the  attendant  risk  of  separating  the  scalp  from 
the  bone,  it  may  be  secured  by  one  or  two  silk-worm 
gut  sutures  to  the  skin  of  the  neck. 


Fig.  124.— Wagner's  Osteoplastic  Resection  of  Skull,  Brain  exposed. 


We  have  never  found  the  haemorrhage  up  to  this 
point  troublesome  or  excessive. 

At  this  stage  the  tension  of  the  dura  mater,  the 
pulsation  of  the  brain,  and  the  consistence  of  the  under- 
lying cortex  should  be  noted.  A  localised  tumour  of 
the  cortex  may  be  recognised  by  the  fact  tljat  tlie  brain 
pulsations  cannot  be  felt  through  the  dura,  and  some- 
times the  colour  of  the  dura  over  tlie  tumour  is  altered. 
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Occasionally  the  tumour  can  be  felt  as  a  firm  swelling, 
but  as  a  rule  the  tension  of  the  dura  obscures  this  sign. 
Non-encapsulated  growths  cannot  be  recognised. 

The  dura  mater  is  then  opened,  the  incision  being 
made  about  an  eighth  of  an  inch  away  from  the  bone 
(Fig.  124),  so  that  a  projecting  edge  is  left  which  will 
admit  of  the  dura  being  sutured  before  the  flap  is  replaced. 
Any  vessel  seen  crossing  the  line  of  the  projected  incision 
should  be  secured  before  division.  The  dura  is  picked 
up  with  toothed  forceps  and  incised,  great  care  being 
taken  not  to  injure  the  subjacent  arachno-pia. 

The  flap  of  dura  mater  having  been  reflected,  the 
exposed  area  of  the  brain  is  examined.  A  tumour  of 
the  cortex,  an  arachnoid  cyst,  or  a  cyst  in  the  brain 
matter  may  be  visible  on  the  surface,  or  may  be  recog- 
nised by  palpation  as  a  firm  or  elastic  swelhng  differing 
in  consistence  from  the  surrounding  brain  substance. 
When  a  subcortical  tumour  is  present  the  convolutions 
are  flattened,  the  sulci  obliterated,  and  the  cortex  pre- 
sents a  dry,  lustreless  appearance  (Krause).  Such 
tumours  cannot  be  located  by  palpation,  and  it  is 
necessary  to  explore  the  brain  by  means  of  an  aspu-ator 
needle  or  a  probe. 

The  next  point  of  importance  is  whether  the  tumour 
is  encapsulated  or  diffuse.  Localised  tumours  of  the' 
cortex  can  usually  be  shelled  out  with  comparatively 
little  bleeding  or  injury  to  the  brain  substance.  Those 
forms  of  cyst  which  have  connective-tissue  walls  can 
similarly  be  shelled  out ;  but  in  the  case  of  thin-walled 
cysts  we  must  be  content,  after  withdrawing  the  fluid, 
to  remove  as  much  of  the  wall  as  possible  and  pack  the 
cavity  with  gauze,  to  favour  healing  by  granulation. 

The  bleeding  associated  with  these  procedures  is  best 
arrested  by  light  gauze  packing.  Attempts  to  secure 
the  vessels  with  forceps  only  result  in  injurmg  the 
brain  tissue.    The  large  veins  of  the  arachno-pia  should 
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be  pushed  aside,  as  their  ligation  may  cause  paralysis 
(Gushing).  If  large  vessels  can  be  seen  entering  the 
growth,  they  should  be  secured  by  passing  a  double 
catgut  ligature  round  them  and  dividing  between. 
Subcortical  tumours  are  frequently  capable  of  being 
enucleated — the  overlying  cortex  being  incised  to  admit 
the  finger  for  this  purpose. 

If  it  is  found  that  the  tumour  is  diffuse — for  example, 
glioma  or  sarcoma — no  attempt  should  be  made  to  remove 


Fig.  125.— Chiene's  Method  of  Cerebral  Localisatiou. 
(See  Vol.  II.  p.  16.) 


it ;  considerable  benefit  usually  results  from  the  relief  of 
intracranial  tension. 

Closure  of  Wound. — If  the  tumour  has  been  removed, 
the  flap  of  dura  mater  is  stitched  in  position  with  cat- 
gut sutures,  an  opening  being  left  for  the  emergence 
of  any  gauze  pack  that  may  have  been  inserted,  or  for 
a  drainage  tube,  the  osteo-cutaneous  flap  replaced,  and 
the  scalp  sutured. 

If  removal  of  the  growtli  lias  not  been  possible,  the 
dura  is  not  closed,  and  it  may  be  advisable  to  remove 
the  bone  from  the  flap  in  order  that  the  brain  may 
VOL.  III. — 18 
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bulge  through  the  opening.  The  scalp  is  sutured  with 
or  without  drainage,  according  to  circumstances. 

Operation  £or  Middle  Meningeal  Haemorrhage. — For 


Temporal  muscle 

Temporal  fascia 

Suiierficial  fascia  Skiu 
Fig.  126.— Exposure  of  Anterior  Branch  of  Middle  Meningeal  Artery. 


Anterior  branch  of 
niidcUe  meningeal 


Hcemorrhage  from  the  Anterior  Branch— The  anterior 
branch  of  the  middle  meningeal  crosses  the  anterior 
inferior  angle  of  the  parietal  bone  at  a  point  (A)  oppo- 
site the  intersection  of  the  lines  E  T  and  M  N  (Fig. 
125)  which  lies  about  two  inches  behind  and  above  the 
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external  angular   process.      A  horseshoe  -  shaped  Hap 
including  everything   down   to  the   bone  is  reflected 
and  the  temporal  fossa  exposed.    With  a  ^-inch  tre- 
phine the  disc  of  bone  is  removed,  and  the  groove  for 
the  artery  is  usually  found  on  its  deep  aspect.  The 
extra-dural  clot  is  removed,  and  the  damaged  artery 
sought  for.    In  many  cases  the  bleeding  has  already 
ceased,  but  the  artery  should  always  be  secured  above 
and  below  the  bleeding-point  if  possible.    This  may 
necessitate  enlarging  the  opening  in   the  skull  with 
rongeur  forceps  upwards  or  downwards  according  to 
circumstances.     When  the  vessel  is  exposed  it  should 
be  encircled  with  a  catgut  ligature  above  and  below  the 
bleeding-point.    Occasionally  the  only  means  of  con- 
trolling the    haemorrhage  is  by  packing  with  gauze. 
Sometimes  the  artery  runs  in  a  canal,  and  the  ble'eding 
can  only  be  arrested  by  driving  a  small  fragment  of 
bone  chipped  from  the  trephine  circle  into  the  canal. 

If  the  bleeding  is  taking  place  from  the  artery  near 
Its  emergence  from  the  foramen  spinosum,  the  dura 
mater  must  be  stripped  from  the  floor  of  the  middle 
fossa  and  sufficient  bone  removed  with  rongeur  forceps 
to  give  access  to  the  foramen,  into  wldch  a  fragment  of 
bone  is  foi'ced. 

The  bleeding  having  been  arrested,  the  flap  is  replaced 
and  sutured  in  position,  provision  being  made  for 
dramage  at  the  posterior  corner  of  the  wound,  or  by 
making  a  slit  in  the  base  of  the  flap. 

For  HcBviorrharjc  from  the  Poskrior  Branch —The 
posterior  branch  of  the  artery  is  exposed  by  removing 
a  trephme  circle  from  a  point  about  an  inch  above  and 
behmd  the  external  auditory  meatus.  The  steps  of  the 
operation  are  similar  to  those  for  exposure  of  the  anterior 
branch. 

Operation  for  Haemorrhage  from  Venous  Sinuses.— Tlic 
great  lomjitudmal  {superior  saggital)  sinus  is  occasionally 
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torn  in  cases  of  comminuted  and  depressed  fracture  of 
the  vertex,  and  the  effused  blood  may  collect  between 
the  bone  and  the  dura  where  it  forms  a  limited  htematoma, 
or  it  may  pass  into  the  arachno-pial  space  and  spread 
over  a  wide  area  of  the  brain.  If  the  fracture  is  com- 
pound the  blood  may  escape  externally. 

Sometimes  a  fragment  of  bone  is  driven  into  the  sinus, 
and  bleeding  only  occurs  when  this  fragment  is  disturbed 
in  the  course  of  tlie  operation  for  elevating  the  depressed 
bone. 

While  the  measures  described  on  page  280  for  deahng 
with  the  comminuted  bone  are  being  carried  out,  it  may 
be  necessary  to  plug  with  gauze  that  portion  of  the 
wound  from  which  the  blood  is  flowing ;  and  if,  after 
the  fracxments  have  been  removed  or  elevated,  the  bleed- 
ing point  is  not  clearly  exposed,  the  opening  in  the  bone 
must  be  enlarged  with  rongeur  forceps. 

rirm  pressure  with  a  pad  of  gauze  is  usually  sufficient 
to  control  the  bleeding  temporarily. 

If  possible  the  rent  in  the  wall  of  the  vein  should 
be  closed  by  lateral  sutures  of  fine  catgut  or  silk  intro- 
duced with  a  round  intestinal  needle  in  such  a  way  as  to 
preserve  the  lumen  of  the  sinus.  _ 

If  tliis  is  not  practicable,  the  dura,  after  being  freed 
sufficiently,  may  be  raised  and  made  to  cover  the  opening 
by  a  series  of  sutures  introduced  after  the  method  of 
Lembert's  peritoneal  sutures.  _ 

If  the  wound  in  the  vessel  wall  is  large  and  irregular, 
or  if  the  sinus  is  torn  across,  a  catgut  ligature  must  be 
thrown  round  the  sinus  on  each  side  of  the  damaged 
area,  small  incisions  being  made  through  the  dui-a  o 
admit  of  the  aneurysm  needle  bemg  passed.  If  the  e 
measures  fail,  a  strip  of  gauze  should  be  packed  n 
between  the  bone  and  the  dura  sufficiently  tightly  to 
occlude  the  vessel.  This  packing  is  left  in  for  several 
days. 
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If  blood  has  been  effused  into  the  arachno-pial  space, 
as  much  of  it  as  possible  should  be  removed,  and 
drainage  provided  for,  a  counter -opening  being  made 
through  the  dura,  if  necessary,  at  the  most  dependent 
part  of  the  effusion. 

Operation  for  Intracranial  Haemorrhage  in  the  Newly- 
Born.— The  operation  consists  in  exposing  the  motor 
area,  which  is  the  most  common  site  of  the  extravasation, 
either  by  trephining  or  by  raising  an  osteoplastic  flap. 
The  dura  is  opened,  the  clot  removed,  and  the  wound 
closed  without  drainage. 

Gushing,  as  a  result  of  his  experience  of  twelve  cases 
operated  upon,  some  on  both  sides,  expresses  the  opinion 
(1910)  that  "the  procedure  is  a  delicate  and  difficult 
one,  and  until  much  more  can  be  learned  regarding 
the  late  results  and  the  best  methods  of  procedure  I 
do  not  feel  that  it  can  be  widely  advocated  for  general 
use." 

Operation  for  Traumatic  Epilepsy. — As  the  fits  are 
usually  of  the  Jacksonian  type,  the  opening  in  the  skull 
should  be  planned  so  that  its  centre  lies  over  the  area 
governing  the  group  of  muscles  in  which  the  seizure 
begins.  As  it  is  often  necessary  to  examine  a  consider- 
able part  of  the  brain  and  membranes  around  this  area, 
the  opening  in  the  skull  should  be  a  large  one. 

When  there  is  no  external  evidence  of  the  original 
injury,  in  the  form  of  a  cicatrix  in  the  scalp,  a  depressed 
fracture,  or  a  gap  in  the  bone,  the  brain,  should  be 
exposed  by  reflecting  an  osteoplastic  flap — Wagner's 
operation.  In  doing  so,  special  care  must  be  taken 
not  to  injure  the  dura,  which  is  often  firmly  adherent 
to  the  bone. 

If  tlie  scalp  is  adherent  to  tlie  bone,  or  if  there  is  a 
gap  in  the  skull  and  the  dura  and  scalp  are  adherent, 
a  large  horseshoe-shaped  piece  is  thrown  down,  so  tliat 
the  adhesions  may  be  separated  and  the  excessive  scar 
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tissue  removed,  as  these  are  sometimes  a  cause  of  fits. 
The  skull  is  opened  by  means  of  a  1-inch  trephine, 
and  the  opening  enlarged  as  far  as  may  be  necessary 
with  rongeur  forceps.  In  cases  of  depressed  fracture 
the  whole  of  the  depressed  bone  must  be  removed. 

When  the  original  injury  has  resulted  in  loss  of  bone, 
the  gap  in  the  skull  is  usually  filled  by  dense  fibrous 
tissue,  which  may  be  adherent  both  to  the  scalp  and  to 
the  dura  mater  and  through  it  to  the  cortex  of  the 
brain.  Such  a  cicatricial  mass  should  be  dissected  away 
completely  and  the  opening  in  the  skull  enlarged  with 
rongeur  forceps.  After  the  necessary  amount  of  bone 
has  been  removed,  the  dura  is  opened,  either  by  a 
crucial  incision  or  by  throwing  down  a  flap. 

The  further  steps  of  the  operation  depend  upon  the 
nature  of  the  lesion  found.  An  organising  blood  clot  is 
removed ;  a  traumatic  arachnoid  cyst  is  either  enucleated 
entire,  or  a  portion  of  its  wall  is  dissected  away  and  the 
cavity  drained.  Search  should  be  made  for  any  loose 
spicule  of  bone  which  may  have  been  driven  into  the 
cortex  and  become  embedded  there.  An  obvious  cicatrix 
in  the  cortical  tissue  may  be  excised,  but  it  is  necessarily 
followed  by  the  formation  of  a  fresh  scar.  If  no  visible 
lesion  is  discovered,  the  cortical  area  governing  the 
muscles  in  which  the  fits  originate  may  be  excised.  The 
focus  to  be  removed  may  sometimes  be  recognised  by 
stimulating  the  motor  cortex  with  a  mild  electric  current, 
and  so  inducing  contraction  of  the  group  of  muscles 
which  gave  the  "signal  symptom"  of  the  fits.  The 
clinical  value  of  this  procedure,  however,  is  not  great, 
and  Krause  says  "  it  should  not  be  employed  except  for 
imperative  reasons,"  as  it  is  liable"  to  be  attended  with 
not  inconsiderable  damage  in  the  human  subject. 

The  value  of  inserting  such  substances  as  silver  or 
gold  foil  or  Cargil  membrane  between  the  brain  and  the 
dura  with  a  view  to  preventing  the  formation  of  fresh 
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adhesions  is  doubtful.  Kocher  does  not  recommeTid  re- 
placement of  the  bone  after  operating  for  epilepsy. 

The  patient  should  abstain  from  work,  especially  manual 
labour,  for  several  years  after  the  operation. 

The  operation  for  Traumatic  insanity  is  performed  on 
the  same  lines  as  for  traumatic  epilepsy. 

Operation  for  Compound  Fracture  ot  the  Skull. — All 
varieties  of  compound  fracture  of  the  vault  of  the  skull 
call  for  operative  treatment  to  admit  of  the  wound 
being  purified,  and  depressed  or  comminuted  fragments 
being  dealt  with,  extra vasated  blood  removed,  and  bleeding 
vessels  secured.  No  exploration  of  the  wound  by  probes 
or  in  any  other  way  should  be  attempted  before  the 
patient  is  anaesthetised. 

The  scalp  is  shaved  and  purified,  the  edges  of  the 
scalp  wound,  if  lacerated  or  soiled  with  gross  dirt,  pared 
away,  and  the  surface  wound  thoroughly  cleansed  by 
washing  with  peroxide  of  hydrogen.  The  wound  in  the 
scalp  is  enlarged  sufficiently  to  reveal  the  extent  of  the 
injury  to  the  bone. 

If  nothing  more  than  a  fissure  is  found  and  the 
patient  presents  no  signs  of  intracranial  injury,  the 
wound  is  purified  and  the  scalp  sutured,  a  c^rain  being 
left  in  for  safety. 

If  a  piinctured  fracture  is  found,  the  bone  around  the 
perforation  should  be  removed  by  means  of  a  trephine,  to 
ensure  that  all  grossly  infected  bone  is  removed,  to  give 
free  access  to  the  dura  mater  and  brain  beneath,  so  that 
they  may  be  purified,  and  to  provide  an  opening  for  free 
drainage. 

If  the  bone  is  depressed — gutter  or  pond  fracture — the 
trephine  {\  inch)  is  applied  so  as  to  cover  the  edge  of 
the  depression  and  tlie  adjacent  portion  of  intact  skull, 
the  pericranium  being  first  refiected  in  such  a  way  as 
will  best  conserve  the  vitality  of  tlio  depressed  segments. 
After  the  disc  is  removed  an  elevator  is  passed  under 
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the  depressed  piece  of  bone,  and,  using  the  edge  of  the 
intact  skull  as  a  fulcrum,  this  is  levered  up  to  its  proper 
level.  As  the  inner  table  is  often  splintered,  loose 
fragments  must  be  sought  for  and  removed.  To  gain 
access  to  such  loose  fragments  it  may  be  necessary  to 
enlarge  the  opening  with  rongeur  forceps.  If  the  dura 
is  torn,  it  should  be  opened  up  to  explore  the  brain, 
which  may  have  been  damaged  by  splinters  of  the 
vitreous  table  being  driven  in  upon  it. 

The  dura  is  then  sutured,  and  the  scalp  wound  closed, 
provision  being  made  for  drainage. 

If  the  bone  is  comminuted  as  well  as  depressed  it 
may  not  be  necessary  to  use  the  trephine.  A  loose 
fragment,  preferably  one  from  which  the  pericranium 
has  been  separated,  is  removed,  and  through  the  opening 
thus  obtained  the  elevator  is  introduced  and  the 
remaining  fragments  are  levered  into  position.  If  this 
is  not  practicable,  a  circle  is  removed  from  the  intact 
portion  of  skull  at  a  convenient  place  to  admit  the 
elevator.  Sometimes  a  projecting  ledge  can  be  removed 
with  a  Hey's  saw. 

The  dura  and  brain  having  been  examined  and 
purified,  the  pericranium  is  folded  back  over  the  frag- 
ments and  the  wound  closed,  drainage  being  provided  for. 

Operations  for  Simple  Fractures  of  the  Skull. — There 
being  no  external  wound,  a  horseshoe-shaped  flap  of 
scalp  is  reflected  with  its  base  downwards.  In  other 
respects  the  steps  of  the  operation  are  similar  to  those 
for  compound  fractures. 

As  the  wound  is  not  an  infected  one  it  is  not  usually 
necessary  to  provide  for  drainage. 

Operation  for  Fracture  of  the  Base  of  the  SkuU.— In  a 
number  of  cases  of  basal  fracture  in  which  symptoms  of 
compression  are  prominent,  the  relief  of  intracranial 
tension  afforded  by  opening  the  skull  has  been  followed 
by  recovery. 


OPERATIONS  FOR  BULLET  WOUNDS  281 


The  best  operation  for  this  purpose  is  the  intermus- 
culo-temporal  decompression  operation  proposed  by 
Harvey  Gushing  (p.  289).  The  procedure  may  be 
carried  out  on  one  or  on  both  sides  according  to  the 
necessities  of  the  case. 

Operations  for  Bullet  Wounds  of  the  Skull  and  Brain. — 
The  primary  object  of  the  operation  is  to  purify  the 
track  of  the  bullet  and  to  elevate  any  depression  or 
remove  any  fragments  that  may  have  been  driven  into 
the  brain. 

The  operation  is  similar  to  that  performed  for 
punctured  fractures.  The  under  surface  of  the  scalp 
flap  should  be  examined  carefully  for  any  loose  hairs, 
portions  of  head-gear,  or  other  foreign  body  that  may 
have  gained  entrance.  As  the  inner  table  is  often 
shattered  over  a  considerable  area  it  is  advisable  to 
enlarge  the  opening  with  rongeur  forceps  sufficiently  to 
enable  all  splinters  to  be  removed. 

The  margins  of  the  perforation  in  the  dura  mater 
should  be  clipped  away  with  scissors,  and  the  opening 
enlarged  so  as  to  give  free  access  to  the  damaged  area 
of  the  brain.  After  all  blood  clot  and  disintegrated 
brain  tissue  have  been  washed  away  with  a  stream  of 
hot  saline  solution  (115°  F.),  a  search  is  made  for 
any  splinters  of  bone  or  other  foreign  body  that  may 
have  been  driven  in. 

If  there  is  no  exit  wound,  it  must  be  assumed  that 
the  bullet  is  still  within  the  skull,  but  if  it  cannot  be 
seen  or  felt  no  prolonged  search  should  be  made  for  it, 
as  its  course  can  never  be  predicted  and  much  damage 
may  be  done  by  hunting  for  it. 

If,  however,  there  is  an  elevated  fracture  of  the  skull 
on  the  side  opposite  to  the  wound  of  entrance,  this  part 
of  the  skull  should  be  exposed  and  opened  with  the 
trephine.  In  this  way  the  splintered  fragments  can  be 
removed  and  the  Inillet  may  be  found  in  the  vicinity  of 
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the  trephine  opening.  If  it  is  not  at  once  discovered  it 
should  not  be  searched  for,  as  it  may  have  rebounded 
and  buried  itself  deeply  in  the  brain. 

When  there  is  also  a  wound  of  exit  this  must  be 
dealt  with  in  the  same  way  as  the  entrance  wound. 

A  drainage  tube  is  placed  in  the  subdural  space, 
and  brought  out  through  one  corner  of  the  flap. 

Experience  gained  in  recent  warfare  shows  that  the 
results  of  these  operations  are  on  the  whole  satisfactory. 

Operations  for  Intracranial  Suppuration.  For  Extra- 
dural Abscess. — When  the  abscess  is  secondary  to 
an  infected  fracture  of  the  skull,  the  scalp  wound  is 
enlarged  and  any  loose  fragments  of  bone  removed 
or  depressed  fragments  elevated.  If  there  is  merely 
a  fissure  in  the  bone,  a  ^-inch  trephine  circle  is 
removed,  and  the  inflamed  bone  snipped  away  with 
rongeur  forceps.  The  pus  having  been  removed,  the 
cavity  is  lightly  packed  with  iodoform  gauze  and  the 
wound  is  treated  by  the  open  method. 

When  the  abscess  is  secondary  to  middle  ear  disease, 
the  mastoid  antrum  is  first  opened  up,  and  the  suppur- 
ative process  traced  up  by  removing  all  diseased  bone 
with  rongeur  forceps  until  the  abscess  cavity  is  freely 
exposed. 

When  the  infection  has  spread  from  the  frontal  sinus, 
the  overlying  scalp,  which  is  usually  oedematous  (Pott's 
puffy  tumour),  is  reflected,  a  -|-inch  trephine  circle 
removed,  and  the  opening  in  the  bone  enlarged  with 
rongeur  forceps  sufliciently  to  give  free  access  to  the 
limits  of  the  abscess.  The  pus  is  removed,  tlie  cavity 
purified  and  drained,  and  the  scalp  wound  sutured 
except  where  the  drain  emerges. 

For  Abscess  in  the  Temporal  Lobe. — A  horseshoe- 
shaped  llap  of  scalp  is  tlirown  down  so  as  to  expose 
the  temporal  fossa  just  above  and  behind  the  external 
auditory  meatus.    The  centre  pin  of  a  1-iuch  trephine 
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is  applied  at  a  point  in  line  with  the  posterior  osseous 
wall  of  the  external  meatus,  three-quarters  of  an  inch 
above  the  posterior  root  of  the  zygoma  (Macewen) 
(Fig.  122).  The  bone  at  this  part  is  very  thin  as 
there  is  no  diploic  layer,  and  care  must  be  taken 
in  removing  the  disc  not  to  damage  the  posterior 
branch  of  the  middle  meningeal  artery,  which  rami- 
fies on  the  surface  of  the  bulging  dura  mater.  A 
catgut  ligature  is  carried  round  any  prominent  vessels  in 
the  dura  that  must  to  be  cut  in  opening  the  membrane. 

A  crucial  incision  is  then  made  in  the  dura,  or  a  flap 
may  be  thrown  up.  If  the  abscess  is  not  at  once  recog- 
nised on  the  surface,  a  pair  of  narrow-bladed  sinus 
forceps  or  a  Horsley's  pus  evacuator  is  pushed  through 
the  cortex  in  a  direction  slightly  forwards  and  inwards 
parallel  with  the  tegmen  tympani,  the  blades  being 
opened  every  quarter  of  an  inch  (Macewen).  If  no  pus 
escapes,  the  instrument  is  withdrawn  and  passed  in 
another  direction.  This  may  be  repeated  until  every 
part  of  the  temporal  lobe  has  been  explored.  The 
instrument  should  always  be  reintroduced  at  the  same 
point  to  avoid  unnecessary  damage  to  the  cortex,  and 
should  never  be  passed  in  for  more  than  an  inch  and 
a  half. 

When  the  abscess  is  tapped  the  pus  is  allowed  to 
escape,  care  being  taken  that  the  meningeal  space  is  not 
infected,  and  a  rubber  drain  is  introduced  before  the 
exploring  instrument  is  withdrawn.  A  small  opening  is 
made  in  the  base  of  the  flap  for  the  drain  to  pass 
through,  and  the  scalp  is  sutured  back  in  position. 

The  firm  fibrous  wall  of  a  chronic  enca^mdatcd  abscess 
in  the  white  matter  of  the  centrum  ovale  may  not  yield 
before  the  exploring  instrument,  and  it  may  be  necessary 
to  use  a  tenotomy  knife  passed  along  the  groove  of  a 
hernia  director  to  reach  the  pus. 

As  temporal  abscesses  are  often  multilocular  it  is 
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difficult  to  maintain  efficient  drainage,  and  re-accumu- 
lation of  pus  frequently  occurs.  Krause  recommends 
that  the  cortical  substance  be  incised  sufficiently  to 
expose  the  wall  of  the  abscess,  which  is  then  freely 
divided,  the  little  finger  introduced,  and  the  septa  broken 
down  so  as  to  throw  all  the  loculi  into  the  main  cavity. 
As  much  of  the  lining  wall  as  possible  is  removed,  and 
into  the  resulting  cavity  a  rubber  tube  is  inserted  and 
packed  round  with  iodoform  gauze. 

For  Cerebellar  Abscess.  —  The  abscess  is  usually 
situated  in  the  anterior  and  lateral  portion  of  the  lateral 
lobe  of  the  cerebellum,  and  in  a  proportion  of  cases  it  is 
bilocular,  one  cavity  lying  above  the  other  and  communi- 
cating with  it  by  a  narrow  channel  (Ballance). 

The  patient  is  placed  in  the  prone  position,  his  head 
supported  on  a  suitable  rest,  and  a  pillow  inserted  under 
the  lower  ribs.  In  the  event  of  the  breathing  becoming 
embarrassed  during  the  operation,  artificial  respiration 
can  be  carried  out  by  Schiifer's  method  without  changmg 
the  position  of  the  patient. 

A  musculo-cutaneous  flap  is  thrown  down,  the  incision 
beginning  in  the  middle  Une  about  an  inch  below  the 
external  occipital  protuberance,  passing  along  the 
superior  curved  line  of  the  occipital  bone  and  ending 
at  the  apex  of  the  mastoid  process.  The  hfemorrhage 
from  the  branches  of  the  occipital  artery  is  pretty  free 
and  must  be  controlled  by  forceps.  If  the  mastoid 
emissary  vein  bleeds,  a  piece  of  catgut  should  be  packed 
into  the  foramen.  A  1-inch  trephine  circle  is  removed 
from  the  occipital  fossa,  about  an  inch  and  a  half  behind 
and  half  an  inch  below  the  external  auditory  meatus.  In 
this  way  the  lateral  sinus  is  avoided.  The  bone  is  very 
thin  here,  and  care  must  be  taken  not  to  injure  the  dura. 

The  dura  is  opened  by  a  crucial  incision  or  by 
throwing  up  a  flap,  and  the  cerebellum  explored  with 
sinus  forceps  passed  forwards  and  inwards  towards  the 
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posterior  border  of  the  petrous  bone.  Before  the 
exploring  instrument  is  withdrawn  a  rubber  or  gauze 
drain  is  introduced.  The  flap  is  then  replaced  and 
sutured  in  position,  a  stab  opening  being  made  in  its  base 
for  the  passage  of  the  drain. 

Operations  for  Cephalocele. — Congenital  Ccphalocelc. — 
The  thin,  ntevoid,  or  ulcerated  portion  of  skin  over 
the  most  prominent  part  of  the  cephalocele  should 
be  removed  by  crescentic  incisions  carried  round  it. 
Integumentary  flaps  which  will  admit  of  complete 
closure  are  then  planned  and  reflected  so  as  to  expose 
thoroughly  the  sac  and  the  margins  of  the  aperture 
in  the  bone.  With  a  trocar  and  cannula  the  cerebro- 
spinal fluid  is  withdrawn  slowly,  to  avoid  the  risk  of 
sudden  displacement  of  the  brain  and  respiratory  or 
cardiac  embarrassment. 

If  the  protrusion  includes  brain  matter  this  should, 
if  possible,  be  returned  to  the  cranial  cavity.  If  this  is 
impossible,  and  if  the  prolapsed  portion  of  brain  is  not 
vital  to  life  or  functionally  important,  it  may  be  excised. 
As  this  step  is  often  attended  with  considerable  bleeding, 
and  adds  materially  to  the  shock  of  the  operation,  it 
should  be  avoided  if  possible. 

The  greater  part  of  the  collapsed  sac  is  then  removed, 
enough  being  preserved,  however,  to  admit  of  its  being 
closed  without  the  risk  of  leakage  of  cerebro-spinal  fluid. 

The  flaps  are  now  sutured  in  position,  and,  unless  the 
intracranial  part  of  the  operation  has  been  attended 
with  bleeding,  drainage  is  dispensed  with. 

Attempts  have  been  made  to  remedy  the  osseous 
defect  in  the  skull  by  transplanting  bone  and  other 
protective  substances,  but  without  much  success. 

Operations  for  Internal  Hydrocephalus. — Puncture  of 
the  lateral  ventricle  may  be  performed  under  local 
antesthesia.  A  trocar  and  cannula  is  passed  directly  in- 
wards through  the  outer  angle  of  the  anterior  fontanellc. 
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care  being  taken  to  avoid  the  lougitudiual  sinus,  and 
the  instrument  must  not  be  pushed  in  for  more  than 
one  and  a  half  or  two  inches.  From  a  half  to  one  ounce 
of  cerebro-spinal  fluid  is  withdrawn,  and  the  puncture  is 
sealed  with  collodion.  This  is  repeated  at  intervals  of  a 
week. 

The  descending  horn  of  the  lateral  ventricle  may  be 
tapped  by  introducing  the  trocar  and  cannula  through  the 
lateral  fontanelle,  and  passing  it  in  a  direction  slightly 
upwards  and  forwards  for  about  two  inches. 

When  the  fontanelles  are  closed  it  is  necessary  to 
remove  a  small  (|-inch)  trephine  circle  from  the  skull, 
either  in  the  frontal  or  temporal  region,  before  inserting 
the  trocar  and  cannula.  After  tapping,  the  circle  of  bone 
is  not  replaced,  so  that  subsequent  punctures  may  be 
made  through  the  opening. 

Of  the  various  methods  of  establishing  j?7er??ia?ic?2^ 
drainage,  of  the  lateral  ventricle,  that  suggested  by  Keen  is 
perhaps  the  best.  A  horseshoe-shaped  flap  of  the  scalp 
is  reflected  over  the  position  of  either  the  anterior  or  the 
lateral  fontanelle.  If  the  fontanelle  is  still  open  it  is 
enlarged  with  rongeur  forceps  to  a  diameter  of  an  inch 
or  more ;  if  it  is  closed,  a  1-inch  trephine  circle  is 
removed.  The  dura  is  opened,  a  large-sized  trocar  and 
cannula  passed  into  the  ventricle,  and  a  quantity  of 
cerebro-spinal  fluid,  not  exceeding  an  ounce  and  a  half, 
allowed  to  escape  slowly.  To  establish  a  permanent 
communication  between  the  cavity  of  the  ventricle  and 
the  arachno-pial  space,  one  end  of  a  decalcified  bone  tube 
is  placed  in  the  ventricle  and  the  other  end  in  the  space 
between  the  dura  and  the  brain,  the  curve  of  the  tube 
being  adapted  to  the  shape  of  the  braiu.  To  prevent 
leakage  of  cerebro-spinal  fluid,  the  dura  should  be  accur- 
ately closed. 

Operations  for  Cerebral  Tumours  are  described  at 
page  269. 


OPERATION  FOR  CEREBELLAll  TUMOUR  287 


Operations  for  Tumour  of  the  Cerebellum. — If  the 

tumour  can  be  definitely  located  iu  one  lobe  of  the 
cerebellum,  the  skull  is  opened  in  the  same  way  as  for 
abscess  (p.  284). 

The  trephine  circle  having  been  removed,  the  opening 
is  enlarged  upwards  to  the  posterior  edge  of  the  mastoid 
process  with  rongeur  forceps  until  the  lateral  sinus 
comes  into  view,  and  downwards  to  the  foramen 
magnum.  Krause  and  J.  M.  Cotterill  lay  stress  on  the 
importance  of  removing  freely  the  adjacent  margin  of  the 
foramen  to  give  more  complete  access,  and  to  afford  more 
space  for  the  structures  at  the  base  and  so  avoid  the 
risk  of  pressure  on  them. 

If  the  intracranial  tension  is  not  great  and  the 
general  condition  of  the  patient  permits  of  delay,  the 
further  steps  of  the  operation  should  be  postponed  for 
some  days.  As  the  effusion  on  the  surface  of  the  dura 
in  the  interval  between  the  two  stages  of  the  operation 
obscures  the  position  of  the  transverse  and  occipital 
sinuses,  these  should  be  marked  by  fine  silk  sutures 
passed  through  the  outer  layer  of  the  dura.  The  scalp 
flap  is  then  replaced  and  held  in  position  by  a  few 
horsehair  sutures. 

The  second  stage,  whether  carried  out  at  once  or  after 
the  lapse  of  a  few  days,  consists  in  opening  the  dura 
and  dealing  with  the  tumour.  The  dura  is  thrown  down 
as  a  flap.  If  the  tumour  does  not  show  on  the  surface 
of  the  cerebellum  its  position  may  be  determined  by 
palpation  or  by  exploratory  puncture,  but  great  care 
must  be  taken  not  to  damage  the  friable  cerebellar 
tissue  unduly.  With  the  aid  of  a  dissector  or  spoon 
the  growth  is  enucleated.  The  dura  mater  is  then 
closed  and  the  skin  flap  sutured  in  position. 

When  it  is  impossible  to  decide  in  whicli  lobe  tiie 
tumour  is  situated,  and  in  cases  in  which  tlie  growth 
occupies    the    ccrcbeUo-poniine    angle  (tumours  of  the 
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acusUcus),  it  is  necessary  to  open  the  cerebellar  fossa 
more  widely.  This  may  be  done  by  an  osteoplastic 
operation,  or  with  the  trephine.  Owing  to  the  difficulty 
of  access,  the  limited  field  for  operating,  and  the  time 
occupied  by  the  process,  the  osteoplastic  method  is  not 
recommended. 

An  incision  is  carried  down  to  the  bone  from  the 
posterior  edge  of  one  mastoid  process,  along  the  superior 
curved  line  of  the  occiput  to  a  corresponding  point  ou 
the  opposite  side,  and  the  flap  thus  marked  out  is  rapidly 
reflected  and  the  haemorrhage  controlled  by  forceps. 

A  1-inch  trephine  circle  is  then  removed  from  each 
cerebellar  fossa,  exposing  the  dura  mater.  With  a  blunt 
director,  the  dura  with  the  occipital  sinus  is  separated 
from  the  bone  between  the  two  trephine  openings,  and 
with  a  GigU  saw  the  intervening  bridge  of  bone  is 
removed.  The  scalp  flap  is  then  separated  downwards 
sufficiently  to  expose  the  posterior  edge  of  the  foramen 
magnum,  and  with  rongeur  forceps  the  ridge  of  bone 
between  the  foramen  and  the  opening  in  the  skull  is 
nibbled  away.  If  the  operation  is  to  be  performed  in 
two  stages  the  scalp  flap  is  now  replaced. 

A  few  days  later,  the  wound  is  reopened  and  a  vertical 
incision  is  made  in  the  dura  mater  on  each  side  of  the 
occipital  sinus  from  the  level  of  the  torcular  Herophili 
to  the  foramen  magnum,  and  with  an  aneurysm  needle 
passed  through  the  falx  cerebelli  a  double  catgut  ligature 
is  passed  round  the  sinus,  which  is  tied  at  each  end. 

The  space  thus  afforded  enables  the  cerebellum  to  be 
displaced  to  a  considerable  extent  with  the  aid  of  a 
broad  pliable  retractor,  which  can  be  adjusted  to  the 
shape  of  the  cerebellum.  All  movements  must  be 
carried  out  slowly  to  admit  of  the  intracranial  pressure 
adjusting  itself,  and  so  avoiding  disturbance  of  the 
cardiac  and  respiratory  centres.  The  veins  that  ascend 
from  the  upper  surface  of  the  cerebellum  to  the  smuses 
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in  the  tentorium  cerebelli  should  be  doubly  ligated  and 
divided.  When  the  tumour  is  hard  it  can  usually  be 
enucleated  by  blunt  dissection. 

Tumours  of  the  acusticus  are  as  a  rule  easily  separated 
from  the  nerve  with  the  aid  of  a  dissector.  The  space 
available  does  not  admit  of  the  use  of  the  finger.  Any 
bleeding  vessels  that  cannot  be  secured  and  ligated  can 
usually  be  controlled  by  gauze  pressure. 

The  flap  of  dura  mater  is  replaced  and  stitched,  and 
the  external  wound  closed  by  suturing  the  flap  in 
position,  provision  being  made  for  the  exit  of  the 
gauze  or  other  drain. 

Cerebral  Decompression. — In  cases  of  cerebral  tumour, 
in  which  there  is  no  hope  of  being  able  to  remove  the 
growth,  experience  has  shown  that  the  more  distressing 
symptoms — blindness,  headache,  and  persistent  vomiting 
— can  be  greatly  alleviated  by  making  a  large  opening 
in  the  skull  to  diminish  the  intracranial  tension.  This 
procedure  was  first  deliberately  employed  by  Thomas 
Annandale,  and  has  more  recently  been  extended  and 
elaborated,  notably  by  Victor  Horsley,  Harvey  Gushing, 
and  Charles  H.  Frazier. 

The  opening  is  best  made  over  one  of  the  "  silent " 
areas  of  the  brain — for  example,  in  the  right  temporal 
region,  and  to  prevent  excessive  protrusion  of  the  cerebral 
substance  the  temporal  muscle  should  be  preserved,  as 
recommended  by  Cushing. 

Gtishing's  Inter muscido -temporal  Operation. — An  integu- 
mentary scalp  flap  is  formed  from  the  temporal  region 
by  carrying  a  curved  incision  from  a  point  below  and 
behind  the  external  angular  process,  along  the  line  of 
the  temporal  crest  to  end  at  the  root  of  tlie  zygoma 
just  above  the  ear  (Fig.  127).  This  flap  is  reflected  down- 
wards as  far  as  the  zygoma,  exposing  the  fascia  covering 
the  temporal  muscle.  An  oblique  incision,  carried  from 
the  centre  of  the  temporal  crest  downwards  and  forwards 
vor,.  III. — 19 
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to  the  mid-poiut  of  the  zygoma,  splits  the  temporal 
fascia  in  the  line  of  the  fibres  of  the  muscle,  which  are 
then  separated  by  blunt  dissection  until  the  pericrauiiim 
is  exposed,  and  this  is  incised  in  the  same  line  as  the 
fascia.  The  muscle  is  retracted  backwards  and  forwards 
and  the  floor  of  the  temporal  fossa  exposed  by  separating 
the  pericranium.    A  l-inch  trepliine  circle  is  removed, 
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and  the  opening  in  the  bone  enlarged  with  rongeur 
forceps  backwards  and  forwards,  until  a  sufficiently  large 
gap  has  been  made.  A  crucial  incision  is  then  made 
in  the  dura  mater,  care  being  taken  to  secure  any 
meningeal  vessels  by  encircling  ligatures  before  they  are 
cut.  A  small  rubber  drainage  tube  may  be  inserted 
under  the  tip  of  the  temporal  lobe  and  brought  out 
through  a  puncture  opening  made  in  the  base  of  the 
flap. 

The  split  fibres  of  the  temporal  muscle  and  the  fascia 
are  then  separately  approximated  by  catgut  sutures,  and 
the  skin  flap  replaced  and  sutured  in  position.  The 
drain  may  be  removed  at  the  end  of  twenty-four  or  forty- 
eight  hours. 

Combined  Exploratory  and  Decompression  Operation. — 

It  frequently  happens,  after  the  brain  has  been  exposed 
by  an  osteoplastic  operation  in  the  hope  that  a  tumour 
in  one  of  the  cerebral  hemispheres  can  be  removed,  that 
the  growth  is  found  to  be  irremovable,  and  it  becomes 
necessary  to  convert  the  procedure  into  a  palliative 
decompression  operation.  If  this  is  effected  by  removing 
the  separated  area  of  bone  from  the  flap,  the  resulting 
opening  is  dangerously  large  and  an  undue  amount  of 
brain  tissue  is  protruded,  and  if  this  includes  the  motor 
areas  contra-lateral  paralysis  may  ensue.  Further,  the 
pressure  of  the  hernia  on  the  scalp  flap  may  interfere 
with  union  and  lead  to  the  formation  of  a  hernia 
cerebri. 

To  avoid  these  dangers,  and  at  the  same  time  to 
retain  the  advantage  of  being  able  to  explore  the  brain 
before  performing  decompression,  Harvey  Gushing  has 
devised  the  following  procedure. 

An  osteoplastic  flap  is  formed  and  reflected  as  in 
Wagner's  operation.  If  the  tumour  is  found  to  be 
irremovable  a  semilunar  area  is  removed  from  the 
sub-temporal  part  of  the  bone  flap  with  rongeur  forceps, 
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and  from  the  corresponding  portion  of  the  temporal  fossa 
a  similar  area  is  snipped  away  until  a  circular  gap  of 
appropriate  size  has  been  formed  in  the  usual  position 
for  a  decompression  operation.  The  dura  mater  is  then 
opened  in  a  stellate  fashion  opposite  this  opening, 
sufficiently  to  relieve  the  intracranial  tension,  and  the 
flap,  which  now  comprises  the  remainder  of  the  reflected 
segment  of  bone,  the  temporal  muscle,  and  the  scalp  is 
replaced  and  sutured  in  position.  "  Thus  the  advantages 
of  the  usual  subtemporal  decompression  can  be  combined 
with  the  more  extensive  exploration  permitted  by  a 
temporary  osteoplastic  resection." 

Removal  o£  the  Gasserian  (Semilunar)  Ganglion,^ — The 
Gasserian  ganglion,  enclosed  in  a  capsule  formed  by  a 
splitting  of  the  dura  mater,  lies  in  a  depression  on  the 
anterior  aspect  of  the  petrous  portion  of  the  temporal 
bone.  The  three  divisions  of  the  trigeminal  nerve  spring 
from  its  anterior  border  and  pass  forward.  The  first  or 
ophthalmic  division  is  a  long  slender  cord  which  lies  in 
close  relationship  with  the  outer  wall  of  the  cavernous 
sinus,  and  runs  horizontally  forwards  to  pass  into  the 
orbit  through  the  sphenoidal  (superior  orbital)  fissure. 

The  second  or  superior  maxillary  division  passes 
forwards  and  slightly  downwards  for  a  distance  of  about 
an  inch,  to  enter  the  foramen  rotundum. 

The  third  or  inferior  maxillary  {mandihidar)  division, 
shorter  and  broader  than  the  other  branches,  passes 
almost  vertically  downwards  to  reach  the  foramen  ovale. 
It  carries  the  motor  fibres  of  the  trigeminal  nerve  which 
go  to  supply  the  muscles  of  mastication. 

The  ganglion  has  been  approached  by  various  routes. 
Eose  (1890),  who  first  removed  the  ganglion,  operated 
from  below,  removing  the  zygoma  and  coronoid  process, 
ligating  the  internal  maxillary  artery,  and  trephining 
the  base  of  the  skull  in  front  of  the  foramen  ovale, 
tlorsley  selected  the  temporal  route,  and  this  method. 
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which  was  developed  and  improved  by  Hartley  and 
Krause,  has  been  extensively  employed.  It  has  more 
recently  been  modified  by  Harvey   Gushing,  and  in 


Trephine  circle 
Dura  I     Temporal  muscle 
Middle  meningeal  artery    |      |  |   Coronoid  process 


Zygoma  Superficial         Flap  of  skin  and 

temporal  vessels    subcutaneous  tissues 

Fig.  128.— Cushing's  Operation  for  Removal  of  the  Gasserian 
Ganglion,  1st  stage. 


our  experience  the  procedure  of  Gushing  is  to  be 
preferred. 

Cushinff's  Operation  modified. — The  operation  wo  have 
found  most  satisfactory  is  performed  as  follows. 

The  patient  is  placed  on  the  table  in  a  reclining 
position,  with  the  head  as  high  as  is  consistent  with  the 
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safe  administration  of  the  anaesthetic,  and  resting  on 
a  firm  sand-bag  or  other  support. 

A  horseshoe-shaped  incision  is  made  through  the 
integument,  beginning  at  a  point  about  two  inches  behind 
the  external  auditory  meatus,  curving  along  the  line  of 
the  temporal  ridge,  and  ending  about  half  an  inch  below 
and  behind  the  external  angular  process  (Fig.  128). 

The  divided  branches  of  the  temporal  vessels  are 
secured,  and  the  integumentary  flap  thrown  down 
sufficiently  far  to  expose  the  zygoma,  which  is  then 
cleared  along  its  upper  border,  sawn  across  at  its  two 
extremities,  and  thrown  downwards  with  the  masseter 
attached  to  its  lower  border.  The  saw  lines  should  be 
bevelled  towards  one  another,  so  that  when  the  separated 
segment  is  replaced  it  will  not  be  dragged  down  by  the 
masseter. 

If  the  zygoma  is  now  pulled  downwards  and  back- 
wards with  a  hook,  the  coronoid  process  of  the  lower 
jaw  into  which  the  temporal  muscle  is  inserted  is 
exposed.  With  bone-pliers  the  coronoid  process  is 
snipped  off  below  the  temporal  insertion,  access  being 
facilitated  by  pushing  the  lower  jaw  directly  backwards. 
The  temporal  muscle  is  then  reflected  upwards  with  the 
aid  of  a  periosteum  separator,  and  the  whole  of  the 
temporal  fossa  is  thus  freely  exposed. 

From  the  lower  and  anterior  part  of  the  fossa  a  |- 
to  1-inch  trephine  circle  is  removed,  and,  as  the  bone 
here  is  very  thin  and  is  grooved  by  the  middle  meningeal 
artery,  care  must  be  taken  not  to  injure  the  dura  mater 
or  the  artery. 

With  rongeur  forceps  the  opening  is  enlarged  down- 
wards and  forwards,  the  bleeding  from  the  diploii,  which 
becomes  thicker  towards  the  base,  being  arrested  with 

Horsley's  wax. 

When  sufficient  bone  has  been  removed  to  give  access 
to  the  middle  fossa,  the  dura  is  gently  separated  from  the 


REMOVAL  OF  GASSERlAN  GANGLION  295 


bone  with  the  finger,  any  bleeding  that  results  being 
arrested  by  gauze  pressure. 

If  the  anterior  branch  of  the  middle  meningeal,  as  it 

Trephine  circle   Temporal  muscle 
Midclle'meniEgeal  Dura  |  |   Coronoid  process 


Maxillary  Zygoma  Mandibular 
division  division 


Superficial 


temporal 
vessels 
Gasserian  ganglion 


Flap  of  skin  and 
subcutaneous  tissues 


Fig.  129. — Cushiug's  Operation  for  Kemoval  of  the  Gasserian 
Ganglion,  2nd  stage. 


runs  in  the  dura,  is  traced  downwards,  the  main  trunk 
will  be  reached  where  it  emerges  from  the  foramen 
spinosum.  If  the  proximal  end  of  the  vessel  bleeds,  a 
small  spicule  of  bone  should  be  pressed  well  into  tlie 
foramen. 
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A  pliable  metal  spatula,  such  as  Horsley's,  is  gently 
passed  between  the  bone  and  the  dura  mater,  and  the 
temporal  lobe  raised  from  the  floor  of  the  skull  for  a 
distance  of  about  an  inch.  This  causes  the  middle 
meningeal  artery  to  stand  out  in  relief,  and  a  double 
catgut  ligature  can  be  passed  round  it  with  the  aid  of  an 
aneurysm  needle.  After  being  tied,  the  vessel  is  divided 
between  the  ligatures,  the  upper  end  receding  against 
the  dura  and  the  lower  end  towards  the  foramen. 

If  the  finger  is  now  pressed  firmly  against  the  floor 
of  the  skull  the  mandibular  division  can  be  identified 
and  traced  to  the  foramen  ovale  ;  similarly,  the  maxil- 
lary division  can  be  traced  to  the  foramen  rotundum, 
and  the  position  of  the  ophthalmic  division  can  be 
recognised  by  feeling  the  pulsation  of  the  cavernous 
sinus.  With  the  aid  of  a  strong  light  directed  into  the 
depths  of  the  wound  these  structures  can  be  seen.  The 
mandibular  division  is  seized  close  to  the  foramen  with 
small  toothed  forceps  and  cut  across;  the  maxillary 
division  is  similarly  dealt  with,  and  then  by  making 
traction  on  the  two  pairs  of  forceps  the  ganglion,  covered 
by  a  thin  layer  of  fibrous  tissue,  is  brought  into  view. 

The  sheath  is  divided  with  a  sharp-pointed  tenotome 
and  the  ganglion  exposed.  Not  infrequently  the  dura 
mater  is  opened  and  a  small  quantity  of  cerebro-spinal 
fluid  escapes,  but  this  does  not  impede  the  operation. 

With  a  probe-pointed  tenotome  the  ganglion  is  cut 
across  obliquely  so  as  to  save  the  ophthalmic  division 
of  the  nerve. 

The  retractor  is  now  withdrawn,  and  the  temporal 
lobe  allowed  to  subside  back  into  its  position,  which  it 
does  in  the  course  of  a  few  minutes. 

The  temporal  muscle  is  then  folded  down  and  stitched 
into  position;  tlie  zygoma  is  replaced  and  secured  by 
one  or  two  catgut  sutures  passed  through  the  periosteum, 
and  the  integumentary  flap  folded  up  and  sutured  with 
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horseliair,  a  small  glass  drainage  tube  being  iutroduced 
tbrough  a  special  opening  made  about  the  centre  of  the 
base  of  the  flap. 

In  our  experience  this  procedure  gives  better  access 
than  the  Harthy-Krmtse  operation  in  which  the  temporal 
muscle  and  pericranium  are  thrown  downwards  with  the 
integument,  and  the  zygoma  is  not  divided.  The  dis- 
placement of  the  zygoma  admits  of  the  trephine  opening 
being  made  nearer  to  the  base,  and,  the  temporal  muscle 
being  reflected  upwards,  additional  space  is  provided  at 
the  lower  part  of  the  wound  and  the  further  manipula- 
tions are  thereby  facilitated. 

Operations  upon  the  Hypophysis  Cerebri  (Pituitary 
Body). — By  nearly  all  who  have  had  experience  of  this 
operation  the  intracranial  route  for  reaching  the  hypo- 
physis has  been  abandoned  in  favour  of  the  nasal 
route. 

Halsted's  procedure  is  that  which  has  received  most 
acceptance.  High  tracheotomy  is  performed,  and  the 
pharynx  packed  to  prevent  blood  reachiug  the  air- 
passage.  The  upper  lip  is  retracted  and  a  horizontal 
incision  made  through  the  muco-periosteum  of  the 
alveolus  close  to  the  angle  of  reflection.  The  soft  parts 
are  raised  and  the  nose  displaced  upwards.  The  septum 
is  divided  with  bone  forceps,  and  displaced  upwards  and 
laterally ;  the  turbinates,  the  vomer,  and  the  perpen- 
dicular plate  of  the  ethmoid  are  removed,  and  an  opening 
is  then  made  through  the  anterior  wall  of  the  sphenoidal 
sinus  and  the  cells  broken  down  until  the  wall  of  the 
sella  turcica  is  reached.  When  this  has  been  chiselled 
away  the  growth  is  exposed,  and  is  removed  with  a 
sharp  spoon.  After  being  flushed  witli  saline  solution 
the  long  narrow  cavity  is  packed  with  iodoform  gauze. 
T[ie  septum  is  then  sutured  in  position  and  the  mucous 
membrane  of  the  mouth  replaced  and  sutured. 

Schloffer  and  von  Eiselsberg  expose  the  nasal  cavity 
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by  displacing  the  nose  to  the  right,  an  incision  being 
made  from  the  forehead  along  the  left  side  of  the  nose, 
and  they  remove  more  bone  from  the  upper  lateral 
aspects  of  the  nasal  cavity,  including  the  inner  wall  of 
the  orbit  nearly  to  the  optic  foramen,  the  inner  wall  of 
the  left  maxillary  sinus  and  part  of  the  left  nasal  process 
of  the  superior  maxilla. 

Gushing  recommends  a  decompression  operation  only, 
either  by  the  temporal  route,  or  through  the  nasal  cavity 
in  which  case  the  capsule  of  the  pituitary  is  incised. 

Operations  £or  Mastoid  Disease. — In  operating  for  the 
reUef  of  symptoms  in  acute  cases,  it  is  only  necessary  to 
open  up  the  mastoid  antrum  and  all  the  cells,  and  to 
establish  satisfactory  drainage  by  this  route — Schivarize's 
operation.  The  middle  ear  and  its  contents  must  not  be 
touched,  lest  the  function  of  the  organ  be  interfered 
with. 

A  curved  incision  is  made  over  the  mastoid  about  a 
quarter  of  an  inch  behind,  and  parallel  with,  the  attach- 
ment of  the  auricle.  The  periosteum  is  detached  and 
the  auricle  turned  forward  until  the  posterior  and 
superior  walls  of  the  osseous  meatus  are  exposed.  If 
a  sinus  is  found  it  should  be  enlarged  by  means  of  a 
gouge,  as  it  almost  certainly  communicates  with  the 
antrum.  If  there  is  no  sinus  the  gouge  should  be 
applied  in  the  suprameatal  triangle  (Fig.  122),  which  is 
bounded  above  by  the  posterior  root  of  the  zygoma, 
below  by  the  upper  and  posterior  segment  of  the  bony 
external  meatus,  and  behind  by  an  imaginary  line  jomuig 
these  (Macewcn).  The  instrument  should  be  directed 
forwards  and  inwards  to  avoid  injuring  the  sigmoid  sinus 
If  the  opening  is  carried  too  high  the  middle  fossa  of 
the  skull  may  be  opened.  Tbe  antrum  and  cells  having 
been  freely  opened  up,  the  cavity  is  irrigated  and  packed 
with  iodoform  gauze,  which  is  renewed  daily  till  the  dis- 
charge ceases  and  the  cavity  is  filled  in  by  granulations. 
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When  mastoid  suppuration  is  associated  with  chronic 
middle-ear  disease  it  is  usually  necessary  to  perform  the 
complete  radical  operation — Stache-Scliwartze  operation, 
which  consists  in  throwing  the  antrum,  attic,  and  middle 
ear  into  one  cavity.  After  the  mastoid  antrum  and  cells 
have  been  fully  opened  up,  the  soft  parts  lining  the 
,  meatus  are  detached  from  the  upper  and  back  part  of 
the  canal.  The  Stacke  protector  or  a  bent  probe  is  then 
passed  from  behind  forwards  through  the  aditus,  and  the 
posterior  wall  of  the  osseous  meatus,  along  with  the 
bridge  of  bone  forming  the  inner  end  of  this  wall,  is 
removed  with  the  chisel.  At  this  stage  of  the  operation 
care  should  be  taken  to  avoid  injuring  the  facial  nerve, 
and  the  antiesthetist  should  be  directed  carefully  to  watch 
the  patient's  face  and  observe  whether  any  twitching 
occurs.  The  outer  wall  of  the  attic,  that  is,  the  inner 
end  of  the  superior  wall  of  the  osseous  meatus,  should 
next  be  removed.  The  operation  is  then  completed  by 
removing  the  malleus  and  incus,  if  they  are  still  present, 
the  remains  of  the  tympanic  membrane,  and  all  granula- 
tion tissue.  The  large  cavity  thus  made  in  the  bone  is 
rendered  as  smooth  as  possible,  the  burr  or  chisel  being 
applied  to  all  ridges  or  overhanging  edges.  The  carti- 
laginous meatus  is  enlarged  by  carrying  two  parallel, 
horizontal  incisions  through  the  soft  parts  previously 
detached  from  the  posterior  meatal  wall.  The  llap  thus 
formed  may  be  pushed  backwards  by  the  gauze  or 
worsted  packing  that  is  introduced  into  the  mastoid 
cavity  through  the  meatus,  or  stitched  to  the  skin 
behind  the  auricle.  The  posterior  skin  wound  is  com- 
pletely sutured,  and  the  after-dressing  is  carried  on 
through  the  meatus.  Healing  of  the  mastoid  cavity  may 
be  hastened  by  the  application  of  skin  grafts,  as  recom- 
mended by  Ballancc,  when  granulations  have  formed. 

A  modification  of  this  operation  is  frequently  useful 
in  cases  of  chronic  middle- ear  suppuration.    With  the 
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Flap  (lissectiid  up  willi  periosteum 
Bridge  of  boue  covered  by  periosteum       |  Frontal  sinus 


Superior  oblique  tendon      Ethmoidal  ctlls  opened  up 
Fig.  130.— Killian's  Operation  on  the  Frontal  Sinus. 


object  of  improving  the  hearing  the  tympanic  membrane 
and  ossicles  are  left  untouched,  but  with  this  exception 
the  operation  is  identical  with  that  just  described. 

The  Radical  Operation  on  the  Frontal  Sinus— Killian's 
Operation  (Fig.  130). — An  incision  is  carried  down  to 
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the  bone  along  the  upper  edge  of  the  orbital  margin,  and 
at  its  inner  end  is  prolonged  down  the  middle  of  the 
nasal  process  of  the  maxilla.  The  soft  parts  are 
separated,  and,  with  a  small  trephine  or  gouge,  the 
sinus  is  opened  above  the  orbital  ridge.  A  groove  is 
then  made  with  the  chisel  and  mallet  immediately  above 
and  parallel  with  the  orbital  margin,  and  with  rongeur 
forceps  the  whole  of  the  anterior  wall  of  the  sinus  is 
removed.  After  the  sinus  has  been  cleared  out  and  its 
mucous  membrane  scraped  away,  the  floor  (orbital  wall) 
of  the  sinus,  the  frontal  process  of  the  maxilla,  and  the 
rest  of  the  floor  of  the  sinus  are  in  turn  removed,  until 
the  middle  turbinal,  and  the  anterior  and  middle  eth- 
moidal cells  are  exposed.  As  these  are  usually  involved 
in  the  disease  they  are  removed.  A  thick  rubber  drain- 
age tube  is  passed  into  the  nose,  and  the  wound  is  closed, 
except  where  the  upper  end  of  the  tube  emerges.  As 
the  supra-orbital  ridge  is  preserved,  the  disfigurement  is 
slight. 
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OPERATIONS  ON  THE  SPINE  AND  CORD 

Laminectomy:  In  rjeneral ;  for  Iraumcdic  hcemorrhcuje ;  for  fracture ; 
for  Pott's  disease;  for  tumours  of  cord  and  membranes;  for 
resection  of  posterior  nerve  roots.    Operation  for  Spina  Bifida. 

Operation  for  Opening  the  Spinal  Canal— Laminectomy. 

 This  operation,  which  has  for  its  object  the  relief  of 

pressure  ou  the  spinal  cord,  is  called  for  in  a  variety 
of  conditions,  such  as  injuries  associated  with  haemor- 
rhage or  displacement  of  fragments  of  bone,  tuberculous 
disease  of  the  vertebrse,  tumours  of  the  spine,  the  cord, 
or  its  membranes,  and  chronic  meningitis. 

The  steps  of  the  first  stage  of  the  operation,  which 
consists  in  laying  open  the  spinal  canal  and  exposing 
the  theca,  are  the  same  whatever  the  nature  of  the 
lesion;  the  means  taken  to  relieve  the  excessive  pres- 
sure vary  with  its  cause. 

Exposure  of  the  Theca.— The  patient  is  placed  in  the 
prone  position,  precautions  being  taken  that  the  respira- 
tion is  not  impeded  in  any  way.  One  firm  sand-bag  is 
placed  under  the  pelvis,  another  supports  the  upper  part 
of  the  chest,  and  a  third  is  placed  under  the  forehead. 
In  this  way  the  abdominal  muscles  have  free  play  in 
respiration,  the  larynx  and  trachea  are  not  pressed  upon, 
and  free  access  is  obtained  to  the  face  in  administering 
the  anesthetic.  The  arms  must  rest  on  the  table,  other- 
wise by  their  weight  they  will  interfere  with  the  thoracic 
movements.  To  prevent  a  sudden  and  excessive  escape 
of  cerebro-spinal  fluid  if  the  theca  is  opened,  the  head 
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and  thorax  should  be  on  a  lower  level  than  the  rest  of 
the  body. 

The  site  of  the  lesion  having  been  localised,  a  free 
incision  is  made  to  expose  the  spinous  processes  of  at 
least  five  or  six  vertebras.  The  incision  may  be  placed 
directly  over  the  spinous  processes  in  the  middle  line,  or 
a  rectangular  flap  of  skin  and  fascia  may  be  raised  and 
folded  to  one  side.  As  the  lesion  is  often  higher  than 
is  expected,  it  is  an  advantage 
to  be  able  to  extend  the  wound 
upwards.  With  a  strong-bladed 
knife  the  muscles  are  separated 
from  the  spinous  processes  and 
laminte,  first  on  one  side  and 
then  on  the  other,  the  bleeding 
being  arrested  by  forceps  and 
gauze  packing.  The  muscular 
masses  being  held  aside  with 
broad  retractors,  the  interspinous 
ligaments  are  then  divided  with 
scissors,  and  the  spines  snipped 

oCf  at  their  bases  from  above  Fig.  1 3 1.— Vertebra,  to 
downwards  with  bone-pliers. 

The  laminfe  to  be  divided  are 
then  cleared  with  a  periosteum 
separator  or  chisel  as  far  as  their  junctions  with  the 
pedicles,  the  ligamenta  subflava  divided  with  scissors, 
and  a .  suitable  saw,  such  as  Macewen's  or  Horsley's, 
applied.  In  using  the  saw,  care  must  be  taken  to 
cut  the  bone  obliquely  from  without  inwards  (Fig. 
131,  a);  if  the  section  is  made  vertically  (Fig. 
131,  h),  it  will  pass  through  the  pedicle  into  the  body 
of  the  vertebra  and  miss  the  canal. 

If  there  is  difficulty  in  dividing  the  bone  completely 
with  the  saw,  the  section  may  ba  completed  with  bone- 
pliers.    There  is  little  danger  of  injuring  the  theca  by 
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so  doing,  as  there  is  usually  a  considerable  space  between 
it  and  the  bone. 

In  cases  of  injury,  if  the  bony  arches  are  comminuted, 
the  laminse  may  be  snipped  away  with  rongeur  forceps. 

Removal  of  Cause  of  Pressure. — In  some  traumatic  cases 
the  posterior  aspect  of  the  cord  is  pressed  upon  by  frag- 
ments of  the  neural  arches  driven  in  upon  it  and  by 
blood  extravasated  in  the  extra-dural  space,  and,  to 
relieve  the  pressure,  it  is  only  necessary  to  pick  out  the 
detached  pieces  of  bone  and  wash  away  the  clots 

In  others,  and  particularly  in  cases  of  fracture-disloca- 
tion, the  posterior  edge  of  the  body  of  the  lower  vertebra 
implicated  encroaches  upon  the  canal  and  exerts  pres- 
sure on  the  anterior  aspect  of  the  cord.  If  the  displace- 
ment cannot  be  rectified  by  manipulation  the  projecting 
ledge  of  bone  may  be  chipped  off  with  a  chisel,  the  cord 
in  its  theca  being  gently  held  aside  while  this  is  being 
done. 

Again,  a  localised  collection  of  blood  between  the 
membranes  and  the  cord  (htematorrachis)  may  be  the 
only  cause  of  pressure.  To  reach  this  the  theca  should 
be  opened  in  the  middle  line,  and  the  effused  blood 
washed  away  with  a  stream  of  warm  saline  solution. 
Any  gross  damage  to  the  nervous  structures  withm  the 
theca  is  beyond  the  reach  of  surgical  treatment.  Clean 
cut  wounds  of  the  nerve  roots,  particularly  the  cords  of 
the  Cauda  equina,  and  even  wounds  partly  dividmg  the 
cord  itself,  should  be  sutured  with  fine  catgut. 

The  opening  in  the  theca  is  sutured  with  catgut  in 
such  a  way  as  to  render  it  watertight,  and  the  wound 
in  the  soft  parts  closed  in  layers.  Even  when  several 
arches  have  been  removed  it  is  not  necessary  to  have 
recourse  to  osteoplastic  operations  to  replace  them,  or 
to  employ  any  mechanical  means,  such  as  wirmg,  to 
provide  support  for  the  spine. 

Operation  £or  Tuberculosis  oi  the  Spine.-In  cases  of 
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Pott's  disease  the  pressure  is  due  as  a  rule  to  masses 
of  tuberculous  granulation  tissue  and  caseated  material 
in  the  extra-dural  space.  This  is  scraped  away  with  a 
sharp  spoon,  the  opening  in  the  bone  being  enlarged 
sufficiently  to  admit  of  all  diseased  tissue  being  removed. 
It  is  usually  necessary  to  hook  aside  the  cord  to  gain 
access  to  the  bodies  of  the  vertebrcis  which  are  carious 
and  may  require  to  be  scraped.  The  debris  having  been 
washed  away  with  a  stream  of  warm  saline  solution,  the 
wound  is  closed. 

Throughout  the  procedure  great  care  must  be  taken 
not  to  open  the  theca,  lest  the  meninges  become  infected. 

Operation  for  Tumours. — Tumours  originating  in  the 
vertelrce  are  usually  malignant  and  only  lend  themselves 
to  partial  removal  with  the  sharp  spoon,  but  this  may 
afford  marked  relief  of  pressure  symptoms.  Extra-clural 
new  growths  are  rare,  and  are  easily  removed  without 
opening  the  theca.  Intra-dural  tumours  are  usually  of 
small  size  and  encapsulated,  and,  being  on  one  side  of 
the  spinal  cord  between  two  nerve  roots,  are  easily 
removed.  If  one  or  more  nerve  roots  are  incorporated 
in  the  tumour  they  must  be  divided  and  removed 
with  it.  Intra-meclullary  growths  can  sometimes  be 
enucleated. 

After  the  tumour  has  been  dealt  with  the  theca  is 
sutured  and  the  wound  closed.  If  the  bleeding  cannot 
be  completely  arrested  a  drain  must  be  introduced. 

After  laminectomy  a  large  dressing  is  applied,  and 
unless  there  is  some  special  reason  to  the  contrary  the 
patient  lies  in  the  supine  position. 

Resection  of  the  Posterior  Nerve  Roots— Foerster's 
Operation— This  operation  has  been  chiefly  performed  to 
eliminate  the  spasm  in  cases  of  spastic  paralysis,  par- 
ticularly those  of  cerebral  origin ;  to  give  relief  in  the 
gastric  crises  of  tabes ;  and  to  abolish  pain  in  the  severe 
neuritis  of  peripheral  nerves  which  does  not  yield  to 
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milder  measures.  An  extensive  laminectomy  is  first 
performed  at  a  level  which  will  give  access  to  the 
particular  nerve  roots  concerned,  the  dura  is  opened,  and 
the  selected  posterior  nerve  roots  are  resected  by  means 
of  scissors  and  forceps  on  one  or  both  sides  as  may  be 
required.  The  edges  of  the  dura  must  be  carefully 
brought  together  before  closing  the  wound. 

Operation  for  Spina  BiMa.—Exciswi  of  the  Sac. — The 
child  is  placed  on  the  table  with  the  head  low  to  prevent 
any  sudden  escape  of  cerebro -spinal  fluid  when  the  theca 
is  opened,  and  to  minimise  the  amount  of  fluid  lost. 

Two  curved  incisions  are  made  over  the  most  pro- 
minent part  of  the  swelling,  so  as  to  include  the  area  of 
thin  skin,  which  is  usually  adherent  to  the  sac.  The 
integument  on  each  side  is  then  raised  sufficiently  to 
admit  of  the  sac  being  isolated,  care  being  taken  to  avoid 

opening  the  sac. 

In  the  case  of  a  meningocele  with  a  narrow  neck,  a 
catgut  suture  is  secured  round  the  neck  of  the  sac,  the 
redundant  portion  of  theca  removed,  and  the  skm  flaps 
sutured  over  the  stump. 

When  the  neck  is  too  wide  to  be  securely  ligated,  tlie 
sac  must  be  opened,  care  being  taken  to  prevent  a 
sudden  escape  of  cerebro-spinal  fluid.    If,  as  is  usually 
the  case,  some  of  the  spinal  nerves  are  prolapsed  and 
spread  out  over  the  inner  aspect  of  the  sac,  these  must 
be  separated  and  returned  to  the  spinal  canal  before 
the  sac  is  excised.    If  the  nerves  are  so  firmly  adherent 
to  the  sac  that  there  is  danger  of  dividing  them  m 
effecting  the  separation,  it  is  safer  to  return  a  portion  of 
the  adherent  sac  with  the  nerves  than  to  persist  in  tlie 
attempt  to  isolate  them.    In  removing  the  redundan 
portion  of  the  sac,  a  sufficient  amount  should  be  left  to 
admit  of  the  opening  being  made  watertight  by  one  or 
more  continuous  catgut  sutures  introduced  with  a  round 
intestinal  needle. 
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lu  suitable  cases  an  attempt  may  be  made  to 
strengthen  the  line  of  suture  by  drawing  in  flaps  of 
muscle  or  aponeurosis  from  each  side,  or  to  bridge  the 
gap  in  the  bones  by  separating  the  adjacent  laminae  as 
far  out  as  possible  and  bringing  them  towards  the  middle 
line. 

The  operation  is  completed  by  closing  the  skin  wound. 
To  diminish  the  risk  of  leakage  of  cerebro-spinal  fluid, 
and  to  facilitate  union,  the  patient  should  be  kept  in  the 
prone  position  till  the  wound  has  healed. 


CHAPTER  XVIII 


OPERATIONS  ON  THE  FACE 

Operations  for  Hare-Lip  :  Single ;  Double.   For  Clkpt  Palate. 
For  Epithelioma  of  Lip  with  Removal  of  Glands 

OPERATIONS  FOR  HARE-LIP 

The  operation  selected  will  depend  upon  the  size  and 
disposition  of  the  cleft,  the  extent  to  which  the  nose  is 
flattened,  and  the  amount  of  tissue  available  to  fill  the 

gap  in  the  lip. 

To  obtain  a  satisfactory  result  it  is  essential  that  the 
raw  surfaces  should  be  made  as  broad  as  possible,  that 
they  be  brought  together  without  tension,  and  that 
a  slight  projection  be  left  at  the  free  margin  to  form  a 
papilla  or  prolabium.  To  correct  the  flattening  of  the 
nose,  it  is  also  necessary  that  the  mucous  membrane  of 
the  cheek  be  freely  separated  from  the  alveolus. 

The  bleeding  can  be  controlled  by  an  assistant  grasp- 
ing the  lip  between  his  finger  and  thumb  at  each  angle 
of  the  mouth  so  as  to  compress  the  coronary  (superior 
labial)  arteries.  It  is  seldom  necessary  to  ligate  more 
than  one  vessel  on  each  side. 

Operations  for  Single  Hare-Lip.— Ac^/a^o^i's  Operation.— 
This  procedure  is  suitable  for  cases  in  which  there  is 
merely  a  notch  at  the  free  margin  of  the  lip  and  the 
nostril  is  not  flattened.  The  apex  of  the  notch  is  seized 
with  a  fine  pair  of  toothed  forceps  and  the  tissues  put 
slic^htly  on  the  stretch,  and  a  A-shaped  incision  is  carried 
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through  the  substance  of  the  lip  around  the  notch,  but 
without  dividing  the  free  edge  of  the  lip  (Fig.  132).  If 


Fig.  132.— Nekton's  Oiieration,  1st  stage. 


Fig.  133.— N($laton's  Operation,  2nd  stage. 

further  traction  is  now  made  on  the  forceps  the  incision 
m  the  lip  becomes  <>  or  lozenge-shaped,  and  is  sutured 
in  the  vertical  axis  (Fig.  183).  At  first  the  projection 
on  the  free  edge  may  be  excessive,  but  in  time  it  shrinks 
and  leaves  a  slight  papilla. 
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An  alternative  plan  is  to  pare  the  margin  of  the 
notch  by  two  concave  incisions  passing  out  through  the  free 
edge  on  each  side  (Figs.  134,  135).  When  the  raw 
surfaces  are  brought  together  a  vertical  scar  is  left  and 


Fig.  134.— Edges  of  Cleft  pared  by  Concave  Incisions. 


Fig.  135.— Sutures  Introduced. 

the  slight  redundancy  of  tissue  on  the  free  edge  provides 

'  O^lSn'-This  operation  is  suitable  for  cases 

in  which  the  notch  extends  into  the  nostril.  As  the 
nose  is  usually  flattened  it  is  necessary  to  begin  by 
separating  the  lip  from  the  alveolus  on  the  outer  side 
of  L  cleft.  In  doing  this  the  knife  or  scissors  should 
be  kept  close  to  the  bone,  and  it  may  be  necessary  to 
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carry  the  separation  as  far  as  the  infra-orbital  foramen, 
or  even  to  separate  the  ala  by  making  an  incision  around 
the  nostril.  The  edges  of  the  cleft  are  then  pared  by 
crescentic  incisions  till  the  muco-cutaneous  junction  is 


Fig.  136. — Eose's  Operation,  Incisions. 


Fi«.  137. — Rose's  Operation,  Sutures  introduced. 


reached,  when  a  small  flap  is  made  on  each  side  at  the 
free  margin,  and  these  when  folded  down  form  the 
papilla  (Figs.  II'.G,  137). 

MirauWs  Operation. — When  the  gap  is  wide  and  the 
edges  asymmetrical  (Fig.  138),  the  longer  and  more 
oblique  edge  is  pared  in  a  straight  line,  and  from  the 
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shorter  and  more  vertical  edge  a  good  thick  flap  is  cut 
with  its  base  left  attached  at  the  lower  red  border  of 
the  lip.  This  flap  is  then  turned  down  and  brouglit 
across  to  the  rawed  surface  on  the  opposite  edge  and 


Fig.  138. — Mirault's  Operation,  1st  stage. 


Fig.  139.— Mirault's  Operation,  2nd  stage. 


stitched  in  position,  and  the  remainder  of  the  wound 
closed  with  sutures. 

John  Duncans  Operation. — When,  in  forming  the  raw 
surfaces,  it  is  desirable  to  avoid  sacrificing  tissue  by 
paring  the  edges  of  the  cleft,  the  method  suggested  by 
John  Duncan  may  be  advantageously  employed.  It 
consists  in  splitting  the  lip  along  the  line  of  junction  of 
fiYin  and  mucous  membrane,  so  that  two  flaps  of  tissue 
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are  formed ;  an  outer  flap  consisting  of  skin  and  an  inner 
of  mucous  membrane. 

A  narrow-bladed  knife  is  inserted  at  the  apex  of  the 
cleft  for  a  distance  of  about  a  quarter  of  an  inch,  and  is 
carried  along  the  line  of  the  muco-cutaneous  junction  to 
within  a  quarter  of  an  inch  of  the  red  margin  of  the  lip. 
At  this  point  the  lip  is  transfixed  and  cut  so  as  to  form 
on  each  side  a  small  flap  consisting  of  the  whole 
thickness  of  the  lip. 


FiQ.  140.— Operation  for  Double  Hare-lip,  1st  stage. 

The  mucous  flaps  are  folded  inwards  and  united  with 
a  row  of  catgut  sutures,  carried  sufficiently  deeply  to 
bring  the  raw  surfaces  on  each  side  into  apposition. 
The  cutaneous  flaps  are  then  folded  outwards  and  united 
with  horsehair  sutures.  The  two  small  tags  at  the 
lower  end  of  the  cleft  are  folded  down  and  united  so  as 
to  form  a  papilla. 

Operations  for  Double  Hare-lip.— In  operating  for 
double  hare-lip  the  procedure  adopted  is  influenced  by 
the  size,  shape,  and  position  of  the  os  incisivum  and 
prolabium.  An  attempt  should  always  be  made  to 
save  as  much  as  possible  of  tliese  structures. 
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When  the  os  incisivuvi  retains  its  normal  'position,  the 
prolabium  is  separated  from  the  periosteum,  and  its 
edges  are  pared  in  a  rectangular  V-  or  Y-shaped  fashion 
according  to  circumstances,  so  that  it  may  form  the 
central  part  of  the  new  lip.  The  outer  edges  are  then 
pared  in  a  crescentic  manner  (Fig.  140)  or  by  straight 
incisions,  two  short  thick  flaps  being  formed  at  the  lower 
end  of  each  cleft  to  form  a  papilla  (Fig.  141).  To  over- 
come the  flattening  of  the  nose,  and  to  admit  of  the  parts 


Fig.  141.— Operation  for  Double  Hare-lip,  2nd  stage. 


being  brought  together  without  tension,  the  mucous 
membrane  of  the  lip  must  be  freely  separated  from  the 
jaw  and  it  may  even  be  necessary  to  carry  an  mcision 
round  each  ala  of  the  nose  to  effect  this.  The  lower 
parts  of  the  outer  margins  of  the  clefts  are  then  brought 
tocrether  in  the  middle  line  and  accurately  sutured  with 
horsehair,  after  which  the  remaining  raw  surfaces  are 
approximated.  To  relax  the  tension  on  the  superficial 
sutures,  two  or  three  silkworm  gut  sutures  are  mtro- 
duced  about  a  quarter  of  an  inch  outside  the  raw  sur- 
face of  one  lateral  segment,  and  are  carried  through 
the  central  segment  and  then  out  through  the  opposite 
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lateral  segment.  No  attempt  should  be  made  to  bring 
the  prolabium  down  to  the  free  margin  of  the  new  lip, 
as  this  tends  to  depress  the  tip  of  the  nose. 

When  the  os  incisivum  projects  in  front  of  the  lateral 
portions  of  the  maxillary  arch  it  should  be  broken 
across  and  replaced  in  position  after  the  prolabium  has 
been  raised  from  it.  If  the  base  is  narrow  this  can 
usually  be  done  with  the  finger  and  thumb  or  with  a 
pair  of  sequestrum  forceps,  the  blades  of  which  are 
protected  with  rubber  tubing.  It  may  require  to  be 
fixed  in  its  position  between  the  maxillte  by  one  or  two 
chromic  gut  sutures.  It  may  even  be  necessary  to  chip 
off  the  edges  of  the  maxillte  with  a  chisel  to  make  a  bed 
for  the  premaxillary  segment.  Frequently  replacement 
is  prevented,  or  the  bone  is  forced  out  of  position  again 
by  the  cartilaginous  vomer,  in  which  case  a  V-shaped 
segment  of  the  septum  of  the  nose  should  be  removed 
after  the  muco-periosteum  has  been  separated  from  the 
portion  to  be  removed.  The  prolabium  and  the  margins 
of  the  cleft  are  then  dealt  with  as  already  described. 

When  the  os  incisivum  is  attached  to  the  tip  of  the 
nose,  or  is  so  deformed  that  it  cannot  be  utilised  to  fill  the 
gap  between  the  maxillag,  the  bone  should  be  shelled  out 
of  the  periosteum  and  the  latter  sutured  into  position, 
after  which  the  soft  parts  are  pared  and  sutured. 

OPERATIONS  FOR  CLEFT  PALATE 

The  operation  of  Langenbeck  is  that  usually  employed 
for  complete  cleft  palate.  The  patient  is  placed  on  the 
table  with  the  chest  raised,  and  the  head  slightly  de- 
pendent, in  order  that  blood  and  mucus  may  gravitate 
readily  towards  the  back  of  the  pharynx.  To  enable 
the  soft  parts  covering  the  hard  palate  to  be  brought 
together  in  the  middle  line,  it  is  necessary  to  separate 
them  from  tlic  bone  in  the  form  of  a  muco-periosteal 
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flap.  This  is  done  by  carrying  an  incision  down  to  the 
bone  from  the  level  of  the  last  molar  tooth  to  the  level 
of  the  lateral  incisor  tooth,  about  a  quarter  of  an  inch 
internal  to  the  alveolar  edge.  This  incision  passes  external 
to  the  posterior  palatine  artery  and  stops  short  of  the 
anterior  palatine.  In  this  way  bleeding  is  avoided,  and 
the  vascular  supply  of  the  flap  is  preserved.  The  flap 
is  then  separated  from  the  bone  by  means  of  an  elevator 
sufficiently  freely  to  allow  of  the  edges  of  the  cleft  being 
approximated  without  tension.  It  is  often  necessary  to 
carry  the  lateral  incision  backwards  into  the  anterior 
pillar  of  the  fauces,  to  divide  the  palatal  aponeurosis  and 
the  levator  palati  in  the  region  of  the  hamular  process. 
In  paring  the  edges,  the  uvula  is  held  with  catch  forceps, 
the  edge  made  taut,  and  a  narrow  shaving  removed  by 
means  of  a  bistoury ;  by  bevelling  the  edges  at  the  ex- 
pense of  the  buccal  surface  more  accurate  apposition  is 
obtained,  and  the  tendency  to  inversion  of  the  margins 
when  the  sutures  are  tightened  is  obviated.  The  con- 
nections with  the  septum  of  the  nose  are  divided  with 
curved  scissors. 

After  paring  both  edges  in  this  way,  interrupted 
sutures  of  silver  wire,  silk,  or  horsehair  are  introduced, 
and  to  take  the  strain  off  the  sutures,  a  thin  strip  of 
aluminium  may  be  passed  so  as  to  include  the  two  flaps 
and  hold  them  together.  We  have  found  Wolff's  plan 
of  performing  the  operation  in  two  stages  advantageous : 
the  flaps  are  pared  and  separated  at  the  first  sitting,  and 
four  or  five  days  later  the  sutures  are  introduced. 

An  alternative  method  of  closing  the  palatal  cleft,  intro- 
duced by  Davies-Colley  and  modified  by  Arbuthnot  Lane, 
consists  in  raising  the  soft  parts  from  the  palate  and 
adjacent  alveolus  in  the  form  of  flaps,  which  are  folded 
across  the  cleft  in  such  a  way  that  their  raw  surfaces 
are  opposed  to  one  anotlier.  Brophy  of  Chicago  re- 
commends that  the  palate  should  be  closed  in  early 
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infancy,  by  paring  the  edges  and  then  forcibly  thrust- 
ing the  maxillpe  towards  the  middle  line  by  digital 
pressure  if  possible,  or  by  raising  the  cheek  from  off  the 
bone  and  passing  stout  silver  wire  sutures  round  the 
palatal  processes,  and  through  the  maxillfe  across  the 
cleft.  This  operation  is  attended  with  considerable  shock 
and  has  been  known  to  prove  fatal. 

Operations  for  Epithelioma  of  Lower  Lip. — Removal  of 
the  Growth. — In  the  early  stage  of  the  disease,  when  the 
growth  is  represented  by  a  small  horny  swelling  on  the 
mucous  membrane  midway  between  the  middle  line  and 
the  angle  of  the  mouth,  it  may  be  removed  by  excising 
a  V-shaped  portion  of  the  lip,  cutting  at  least  half  an 
inch  wide  of  the  growth  all  round.  After  the  coronary 
vessels  have  been  secured  the  edges  of  the  wound  are 
brought  together,  the  mucous  membrane  being  stitched 
with  catgut  and  the  skin  with  horsehair  sutures. 

When  the  growth  has  extended  towards  the  angle  of 
the  mouth  and  has  invaded  the  cutaneous  part  of  the 
lip,  the  incisions  must  be  carried  sufficiently  wide  of  the 
disease  to  include  the  lymph  channels  leading  to  the 
submental  and  submaxillary  glands,  and  provision  must 
be  made  to  replace  the  lower  lip  by  flaps  taken  from 
the  cheek  or  neck.  An  operation  on  the  lines  of  that 
devised  by  Syme  meets  these  conditions  in  most  cases. 
An  incision  is  carried  outwards  through  the  cheek  from 
each  angle  of  the  mouth.  The  growth  is  then  sur- 
rounded by  two  incisions  carried  from  the  lateral 
incisions  to  meet  at  the  most  prominent  part  of  the 
chin,  and  the  lower  lip  is  dissected  off  the  bone  and 
removed.  To  fill  the  gap  thus  formed  two  flaps  are 
cut  from  the  submaxillary  regions  by  carrying  a 
curved  incision  on  each  side  from  the  apex  of  the 
gap  downwards  and  outwards  over  the  margin  of  the 
jaw  as  far  as  the  hyoid  bone  and  then  upwards  towards 
the  angle  of  the  jaw.    These  flaps  are  dissected  up, 
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brought  together  iu  the  raiddle  line,  and  sutured  to  one 
another  and  to  the  central  portion  of  the  chin,  which 
has  been  left  undisturbed  and  serves  to  give  them  a  fixed 
basis  of  support.  There  is  no  difficulty  in  covering  the 
raw  surfaces  in  the  neck,  as  the  skin  and  platysma  can 
be  mobilised  by  under-cutting,  if  necessary,  as  far  down 
as  the  clavicle  (Morestui).  A  tube  is  inserted  through 
the  skin  at  the  lowest  level  to  which  it  has  been 
undermined. 

The  incisions  must  be  modified  to  suit  the  require- 
ments of  the  individual  case.  When,  for  example,  as 
frequently  happens,  the  growth  has  invaded  the  angle 
of  the  mouth  and  spread  to  the  upper  lip,  an  additional 
V-shaped  incision  must  be  carried  through  the  cheek  as 
far  as  the  prominence  of  the  superior  maxilla. 

Removal  of  the  Lymph  Glands— The  submental  and 
submaxillary  glands  into  which  all  the  lymphatics  of 
the  lip  drain  should  be  removed  in  all  cases,  whether 
they  are  palpably  enlarged  or  not.  As  ,,the  lymphatic 
vessels  intercommunicate  freely,  it  is  necessary  to  re- 
move the  glands  on  both  sides. 

A  collar  incision  is  made  about  an  inch  and  a  half 
below  the  lower  jaw  and  parallel  with  it  from  the  anterior 
border  of  the  sterno-mastoid  on  one  side  to  the  corre- 
sponding point  on  the  other  side.    This  incision  falls 
in  the  natural  fold  of  the  skin  and  avoids  the  lower 
branches  of  the  facial  nerve.    After  the  skin  and  platysma 
have  been  reflected  the  dissection  is  carried  outwards 
from  the  middle  line,  first  on  one  side  and  then  on  the 
other,  and  the  submental  glands,  which  lie  between  the 
anterior  bellies  of  the  digastric  muscles,  and  the  sub- 
maxillary glands  are  removed.    It  is  necessary  to  take 
away  the  submaxillary  salivary  glands  to  ensure  com- 
plete removal  of  all  the  lymphatics.    If  the  deep  cervical 
glands  are  implicated,  as  they  may  be  in  advanced  cases, 
the  incision  is  carried  downwards  to  give  access  to  them. 
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Care  must  be  taken  not  to  injure  the  hypoglossal  nerve 
as  it  runs  to  reacli  the  tongue  beneath  the  anterior  belly 
of  the  digastric.  Drainage  is  provided  for  by  making  a 
puncture  at  the  most  dependent  part  of  the  flap  on  each 
side,  and  the  main  wound  closed  by  sutures. 


CHAPTER  XIX 


OPERATIONS  ON  THE  PHARYNX  AND 
OESOPHAGUS 

Sub-hyoid  Pharyngotomy  ;  Medio-lateral  Pharyngectomy.  Opera- 
tion for  Naso-pharyngeal  Tumour.  Removal  of  Tonsils  :  With 
volsellum  and  knife;  enucleation ;  with  guillotine.  For  Tumours 
of  Tonsil.  (Eaophagotomy  ;  CEsophagectomy.  Operation  for 
Diverticulum  of  ffisophagus. 

OPERATIONS  ON  THE  PHARYNX 

Operations  through  the  Mouth.— Good  access  cau  be 
obtained  to  tbe  upper  part  of  the  pharynx  by  a 
transverse  incision  through  the  cheek,  extending  back- 
wards from  the  angle  of  the  mouth  as  far  as  the 
masseter  muscle  and  parallel  with  the  branches  of  the 
facial  nerve  (Roser).  There  is  comparatively  little 
bleeding  and  the  resulting  disfigurement  is  negligible. 

Kocher  prefers  a  mesial  incision  through  the  lower 
lip,  jaw,  and  floor  of  the  mouth.  The  dissection  must 
be '  made  exactly  in  the  middle  line  between  the  genio- 
hyoid and  the  genio-hyoglossus  muscles.  The  two  halves 
of  the  jaw  are  widely  separated,  and  after  the  intra- 
buccal  operation  is  completed  the  jaw  is  sutured  with 
silver  wire. 

Sub-hyoid  Pharyngotomy.— To  reach  the  lower  part 
of  the  pharynx  a  transverse  sub-hyoid  incision  is  to 
be  preferred. 

This  operation,  which  consists  in  opening  the  pharynx 
through  the  thyro-hyoid  membrane,  gives  access  to  the 
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upper  aperture  of  the  larynx  with  the  least  possible  injury 
to  adjacent  structures  or  disturbance  of  fhnction. 

The  incision  is  made  along  the  hyoid  bone  from  one 
greater  cornu  to  the  other,  dividing  the  skin  and 
platysma  and  exposing  the  bone.  After  the  superficial 
veins  have  been  secured,  the  muscles  attached  to  the 
lower  border  of  the  hyoid — sterno-hyoids,  thyro-hyoids, 
and  omo-hyoids — are  divided  near  the  bone,  and  then 
the  thyro-hyoid  membrane  and  the  mucous  membrane 
are  similarly  divided  transversely.  Care  must  be  taken 
not  to  injure  the  sensory  nerve  of  the  larynx,  the  superior 
laryngeal,  which  pierces  the  lateral  part  of  the  mem- 
brane. The  epiglottis  is  hooked  forwards,  and  the 
entrance  to  the  larynx  and  the  cavity  of  the  pharynx 
inspected. 

The  lesion  is  then  dealt  with,  a  new  growth  being 
removed  with  the  scissors  or  thermo-cautery,  or  a 
tuberculous  focus  excised  or  scraped  as  may  be  necessary. 
To  obviate  the  risk  of  oedema  of  the  glottis,  laryngotomy 
is  performed,  after  which  the  sub-hyoid  wound  is  packed 
with  iodoform  gauze. 

Medio-lateral  Pharyngectomy.— This  operation  is  per- 
formed when  a  carcinoma  of  the  pharynx  is  situated 
laterally,  and  involves  the  vicinity  of  the  pyriform  sinus, 
the  arytenoid  cartilage,  and  the  pharynx  behind  the 
cricoid.  Kocher  recommends  that  preliminary  trache- 
otomy and  gastrostomy  should  be  performed.  The 
transverse  hyoid  incision  extends  farther  towards  the 
affected  side,  and  in  addition  a  vertical  mesial  incision 
IS  carried  down  as  far  as  the  isthmus  of  the  thyroid 
gland.  The  depressors  of  the  hyoid  are  divided  more 
freely  on  the  affected  side,  and  the  thyro-hyoid  membrane 
is  incised  both  laterally  and  vertically. 

The  upper  limits  of  the  disease  having  been  defined 
the  mucous  membrane  between  the  larynx  and  pharynx 
IS  divided  clear  of  the  growth,  and  the  thyroid  cartilage 
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incised.  A  finger  is  then  passed  into  the  pharynx  to 
determine  the  lower  limit  of  the  disease,  and  the  growth 
is  removed. 

Operation  £or  Naso-Pharyngeal  Tumour —In  the  re- 
moval of  a  naso-pharyngeal  tumour  the  three  main 
considerations  are :  to  obtain  free  access,  to  avoid 
excessive  loss  of  blood,  and  to  prevent  aspiration  of 
blood  and  mucus  into  the  air  passages. 

The  risk  of  aspiration  is  diminished  if  the  patient  is 
placed  on  the  table  with  the  head  and  upper  part  of  the 
trunk  dependent,  but  if  the  growth  is  large  and  vascular, 
preliminary  laryngotomy  is  better,  as  it  admits  of  the 
pharynx  being  plugged.  To  minimise  bleeding,  a  tem- 
porary ligature  may  be  applied  to  the  external  carotid 
artery,  on  one  or  on  both  sides. 

Various  procedures  have  been  adopted  to  afford  access 
to  the  growth.  Nelaton's  operation  consists  in  splitting  the 
uvula  and  soft  palate  in  the  middle  line,  reflecting  the 
muco-periosteum  from  the  posterior  half  of  the  hard 
palate,  and  resecting  the  exposed  parts  of  the  palatal  pro- 
cess and  a  portion  of  the  nasal  septum.  After  the  tumour 
has  been  removed,  the  muco-periosteum  and  the  soft 
palate  are  sutured.  This  procedure,  while  it  avoids  an 
external  scar,  does  not  furnish  sufficient  room  to  deal 
with  an  extensive  growth. 

Eouge's  operation  (1873)  also  avoids  a  scar  on  the  face, 
but  does  not  provide  much  additional  room.  The  upper 
lip  is  raised,  and  the  mucous  membrane  along  its  line  of 
reflection  is  divided  from  the  level  of  the  bicuspid  teeth 
on  one  side  to  a  corresponding  point  on  the  other.  The 
cartilaginous  septum  and  the  alar  cartilages  are  then 
separated  from  the  maxilla,  and  the  soft  parts  divided 
sufficiently  to  admit  of  the  upper  lip  and  nose  being 
reflected  upwards.  After  the  intra-nasal  stage  of  the 
operation  has  been  completed,  the  parts  are  replaced. 
Annandale  (1889)  extended  Eouge's  operation  by  spbt- 
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ting  the  alveolus,  the  palatal  process,  and  if  necessary 
the  soft  palate,  in  the  middle  line,  dividing  the  bony 
septum,  and  forcing  apart  the  two  maxillse.  The  soft 
palate  is  subsequently  stitched,  and  the  maxillae  fixed  in 
position  by  a  wire  suture  passed  through  the  alveolar 
process. 

We  have  obtained  good  access  by  splitting  the  upper 
lip,  separating  the  alveolar  process  from  the  rest  of  the 
maxilla  by  means  of  a  chisel,  then  dividing  the  alveolar 
process  and  hard  palate  in  the  middle  line,  and  holding 
the  two  halves  aside. 

Langenbeck's  plan  of  resecting  the  greater  part  of  the 
maxilla  gives  rise  to  a  considerable  amount  of  disfigure- 
ment, but  this  can  be  diminished  by  preserving  the 
orbital  plate  and  the  muco-periosteum  of  the  hard  palate. 

Removal  o£  the  TonsHs.—Bemoval  loith  Volselkcvi  and 
Knife. — The  parts  having  been  painted  with  a  5  per 
cent,  solution  of  cocain,  the  tonsil  is  seized  with 
volsellum  forceps,  pulled  out  from  between  the  pillars  of 
the  fauces,  and  shaved  off  with  a  curved  probe-pointed 
bistoury.  The  part  of  the  blade  near  the  handle  should 
be  guarded  by  means  of  a  piece  of  rubber  tubing  or  by 
wrapping  adhesive  plaster  round  it,  to  avoid  injuring 
the  lips  or  tongue. 

Enucleation. — This  operation  is  specially  applicable 
to  "  submerged  "  tonsils,  that  is,  those  which  do  not  pro- 
ject prominently  between  the  pillars  of  the  fauces.  In 
adults  it  can  be  performed  under  local  anaesthesia,  the 
oro-pharynx  being  sprayed  with  10  per  cent,  cocain,  and 
the  submucous  tissue  injected  with  a  5  per  cent,  solution 
of  cocain  to  which  a  few  drops  of  adrenalin  have  been 
added.    In  children  a  general  antesthetic  is  necessary. 

The  tonsil  is  grasped  by  the  volsellum  and  pulled 
towards  the  mouth  (Fig.  142),  and  with  probe-pointed 
scissors  the  mucous  membrane  is  snipped  through,  be- 
ginning at  the  plica  triangularis  just  internal  to'  the 
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anterior  pillar  and  passing  upwards  and  backwards  in 
the  arch  between  the  two  pillars.  The  finger  is  then 
inserted  under  the  mucous  membrane,  and,  working  from 
above  downwards,  the  tonsil  in  its  capsule  is  shelled 
from  the  superior  constrictor  muscle  until  only  its  lower 
part,  at  which  the  vessels  enter,  remains  attached.  If 
strong  inward  traction  with  the  volsella  is  now  made, 
the  hilum  is  exposed,  and  can  be  divided  with  the 
scissors  or  knife  (J.  S.  Fraser). 


Fig.  142.— Enucleation  of  Tonsil. 
(Lent  by  Dr.  J.  S.  Fraser.) 

The  quillotine  operation  is  best  adapted  to  cases  of 
simple  chronic  hypertrophy  in  which  the  tonsils  are 
pedunculated.  The  projecting  portion  of  the  tonsil, 
having  been  encircled  by  the  ring  of  the  guillotine,  is 
shaved  off  A  modification  of  the  guillotine  operation 
is  that  in  which  a  volsella  is  passed  thi-ough  the  ring  of 
the  guillotine  and  the  tonsil  is  grasped,  and,  as  far  as 
possiL,  drawn  through  the  ring  before  the  knife  is 
pushed  home  (St.  Clair  Thomson). 

operation  for  Tumours  of  the  Tonsil  -A  growth 
limited  to  the  tonsil  may  be  reached  by  making  a 
transverse  incision   through   the  cheek;   but  if  the 


OESOPHAGOTOMY  325 


Carotid 

Onio-hyoid  cut     Platysrua      sheath  Sterno-mastoid 


Inferior  thyroid  Sterno-  Trachea  ]  (Esophagus 
artery   ligated   thyroid      Becurrent  laryngeal  nerve 

Fio.  143,— Operation  of  CEHophagotoniy. 


326    THE  PHARYNX  AND  (ESOPHAGUS 


disease  has  spread  to  the  side  of  the  tongue,  the  floor 
of  the  mouth,  or  the  soft  palate,  the  lower  lip  and  jaw 
should  be  split  in  the  middle  line. 

The  tongue  is  transfixed  with  a  strand  of  silkworm 
gut  and  pulled  well  out  of  the  mouth,  and  the  growth 
removed  with  scissors  or  the  thermo-cautery.  The 
mucous  membrane  is  first  divided  clear  of  the  disease, 
and  the  growth  is  detached  from  the  deeper  structures. 
If  the  tumour  is  then  pulled  well  forward,  the  pedicle 
which  contains  the  vessels  can  be  ligated  before  being 
divided. 


Operations  on  the  (Esophagus 

(Esophagotomy  (Fig.  143).— An  incision  is  made 
along  the  anterior  border  of  the  left  sterno-mastoid, 
from  the  level  of  the  hyoid  bone  to  a  point  about  a 
finger's  breadth  above  the  clavicle.  The  skin  and 
platysma  are  incised,  and  the  external  layer  of  the 
cervical  fascia  divided  so  that  the  space  between  the 
depressors  of  the  hyoid  bone  and  the  sterno-mastoid  may 
be  defined.  The  depressors  are  retracted  inwards,  the 
sterno-mastoid  outwards,  and  the  omo-hyoid  is  divided. 
To  enable  the  carotid  sheath  to  be  exposed,  it  is 
necessary  to  divide  the  process  of  the  deep  cervical 
fascia  which  connects  it  to  the  outer  capsule  of  the 
thyroid  gland.  This  having  been  done,  the  thyroid  and 
trachea  are  drawn  inwards,  and  the  carotid  sheath  and 
the  descendens  hypoglossi  nerve  outwards.  The  inferior 
thyroid  artery,  which  crosses  the  oesophagus,  is  then 
secured  between  ligatures  and  divided. 

At  this  stage  a  bougie  should  be  passed  into  the 
oesophagus  through  the  mouth,  to  distend  the  tube  so  that 
it  may  be  opened  easily  and  safely.  The  opening  is 
made  in  the  long  axis  of  the  oesophagus,  rather  towards 
its    postero-lateral    aspect,    to    avoid    the  recurrent 
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laryngeal  nerve,  which  on  the  left  side  lies  in  front  of 
the  oesophagus. 

When  the  operation  has  been  performed  for  the 
removal  of  a  foreign  body  the  opening  is  closed  with 
catgut  sutures,  and  before  the  external  wound  is  closed 
a  drainage  tube  is  inserted  down  to  the  suture  line  as  a 
safeguard  against  subsequent  leakage. 

When  the  object  of  the  operation  is  to  provide  a 
means  of  feeding  the  patient — for  example,  in  cancer  of 
the  pharynx  or  upper  part  of  the  (esophagus — a  soft 
oesophageal  tube  is  introduced  through  the  wound  and 
fixed  in  position,  the  external  wound  being  packed  with 
iodoform  gauze. 

(Esophagectomy. — Excision  may  be  performed  for 
cancer  involving  the  portion  of  the  oesophagus  between 
the  cricoid  cartilage  and  the  level  of  the  episternal 
notch.  Kocher  considers  tracheotomy  and  gastrostomy 
necessary  preliminaries  to  oesophagectomy. 

When  the  disease  is  limited  to  the  upper  part  of  the 
oesophagus,  the  longitudinal  incision  made  for  oesopha- 
gotomy  suffices ;  when  it  extends  farther  down,  Kocher's 
collar  incision  gives  good  access. 

After  being  exposed  the  left  lobe  of  the  thyroid  is 
turned  over  to  the  right,  and  the  upper  and  lower  limits 
of  the  growth  in  the  oesophagus  are  defined.  The 
oesophagus  is  then  freed  below  the  growth,  the  recurrent 
laryngeal  nerve  being  separated  and  held  aside.  The 
junction  of  the  pharynx  with  the  oesophagus  is  next 
freed  by  dividing  the  inferior  constrictors,  and  the 
portion  implicated  in  the  growth  is  separated  from  the 
vertebrte  and  from  the  trachea.  An  incision  is  then 
made  in  the  long  axis  of  the  resophagus  well  below  the 
disease,  and  after  a  stomach  tube  has  been  inserted  and 
firmly  tied  into  the  opening  the  oesophagus  is  cut  across. 
A  ligature  is  applied  above  the  growth,  the  pharynx 
divided,  and  the  affected  portion  removed.    The  stomach 
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tube  is  left  in  position,  and  the  cavity  packed  with 
iodoform  gauze. 

If  it  is  necessary  to  remove  a  portion  of  the  trachea  it 
is  advisable  to  cut  the  trachea  across  at  once  and  stitch 
it  to  the  skin  (Kocher). 

Operation  for  Diverticulum  o£  the  (Esophagus. — The 
site  and  size  of  the  diverticulum  having  been  previously 
determined  by  means  of  an  X-ray  photograph  taken 
after  a  bismuth  meal,  or  by  Plummer's  threaded  probang, 
the  diverticulum  is  emptied  before  the  anaesthetic  is 
administered,  to  avoid  the  risk  of  its  contents  regurgitat- 
ing and  being  aspirated  into  the  air  passages  during  the 
operation. 

An  incision  is  made  along  the  anterior  border  of  the 
left  sterno-mastoid,  the  deep  fascia  is  divided,  the 
sterno-mastoid  pulled  outwards  and  the  depressor 
muscles  inward.  The  left  lobe  of  the  thyroid  is  raised 
and  the  inferior  thyroid  vein  ligated  and  divided.  With 
the  aid  of  a  rigid  bougie  passed  through  the  mouth  the 
pouch  can  be  identified.  It  is  pulled  into  the  wound, 
care  being  taken  to  avoid  the  recurrent  laryngeal  nerve, 
and  opened  in  order  that  its  interior  may  be  explored. 
Its  neck  having  been  defined,  the  diverticulum  is  re- 
moved with  scissors  and  the  stump  closed  by  super- 
imposed rows  of  sutures  of  the  Czerny- Lembert  type. 
A  drainage  tube  is  passed  down  to  the  suture  line,  and 
the  external  wound  closed. 


CHAPTER  XX 


OPERATIONS  ON  THE  JAWS 

Operations  for  Tubeeculods  Osteomyelitis:  OJ  U})per  Jaw; 
Of  Lower  Jaw.  Operations  for  Tumour  of  Alveolar 
Process.  Epulis.  Kesection  op  Upper  Jaw.  Kesection  op 
Lower  J  aw  :  Of  Symphysis  and  Horizontal  Ramus ;  Of  one  half  of 
Lower  Jaio ;  Of  Ascending  Ramus  alone.  Resection  of  Condyle 
op  Lower  Jaw  :  Excision  of  Meniscus.  Operation  for 
Fixation  of  Lower  Jaw. 

Operations  for  Tuberculous  Osteomyelitis. — In  planning 
an  operation  for  tuberculous  disease  of  the  uppe7-  jaio, 
which  usually  affects  the  orbital  margin  in  the  region  of 
the  malar  bone,  care  must  be  taken  to  make  the  incision 
parallel  with  the  branches  of  the  facial  nerve  and  in  one 
of  the  natural  folds  of  the  face.  A  suitable  incision  is 
one  beginning  a  httle  below  the  middle  of  the  infra- 
orbital margin,  and  passing  obliquely  downwards  and 
outwards  over  the  malar  bone.  The  infra-orbital  vessels 
and  nerve  are  below  the  incision.  The  periosteum  is 
raised  from  the  bone  and  the  diseased  focus  removed 
with  the  gouge  or  sharp  spoon.  If  the  maxillary  sinus 
is  opened,  as  is  often  necessary,  its  interior  should  be 
smeared  with  sublimated  iodoform-bismuth  paste  and  a 
packing  of  iodoform  gauze  introduced  before  the  wound 
is  sutured. 

In  the  lotvcr  Jaio  the  diseased  bone  should  be  resected 
subperiosteally  so  that  it  may  be  re-formed. 

When  the  disease  is  limited  to  the  rawms  an  in- 
cision is  made  from  the  level  of  the  lower  ed^e  of 
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the  lobule  of  the  ecar  downwards  along  the  posterior 
margin  of  the  ramus,  round  the  angle  and  forwards  in 
the  submaxillary  region  as  far  as  may  be  necessary.  To 
avoid  the  facial  nerve  the  vertical  portion  of  the  incision 
is  only  carried  through  the  skin,  the  remainder  goes 
down  to  bone.  The  periosteum  together  with  the  muscles 
— masseter  on  the  outer  aspect  and  internal  pterygoid 
on  the  inner  aspect — is  raised  and  the  bone  divided  in 
front  of  the  diseased  part  with  a  Gigli  saw  or  bone-pliers. 
If  the  angle  of  the  jaw  is  then  grasped  with  lion  forceps 
and  twisted,  the  ramus,  including  the  coronoid  process 
and  condyle,  can  be  wrenched  out  subperiosteally 
without  opening  into  the  mouth.  The  haemorrhage 
having  been  arrested,  the  wound  is  closed,  provision 
being  made  for  drainage. 

When  the  disease  involves  the  hody,  the  incision 
is  made  below  the  margin  of  the  jaw,  the  periosteum 
is  separated  from  the  bone,  and  the  buccal  cavity  is 
opened  into  by  separating  the  gum.  With  a  Gigli  saw 
the  bone  is  divided  behind  and  in  front  of  the  diseased 
area.  The  opening  into  the  mouth  should  be  closed 
as  far  as  possible  with  catgut  stitches  before  the  ex- 
ternal wound  is  sutured.  To  maintain  the  integrity  of 
the  mandibular  arch,  a  piece  of  bone  or  ivory  may  be 
■  introduced  into  the  gap. 

When  it  is  necessary  to  remove  the  symphysis,  a 
silkworm  suture  is  passed  through  the  tougue  to  prevent 
its  falling  back  and  blocking  the  pharynx. 

Operation  £or  Tumour  o£  the  Alveolar  Process.— Epulis.— 
A  tooth  having  been  extracted  on  each  side  of  the  tumour, 
an  incision  is  made  through  the  muco-periosteum  well 
beyond  the  growth,  and  a  wedge-shaped  or  quadrilateral 
segment  of  bone  is  removed  witli  the  tumour  by  means 
of  the  chisel  or  saw. 

Resection  of  Upper  Jaw.— To  facilitate  the  administration 
of  the  anesthetic  and  to  prevent  blood  entering  the  air 
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passages,  it  is  usually  advisable  to  perform  a  preliminary 
laryngotomy  and  pack  the  pharynx.  Preliminary  ligation, 
permanent  or  temporary,  of  the  external  carotid  artery 
diminishes  the  haemorrhage  attending  the  operation,  and 
through  the  incision  made  for  the  purpose  the  glands  at 
the  angle  of  the  jaw  and  along  the  anterior  border  of 
the  sterno-mastoid  should  be  removed. 

The  incision  which  best  conserves  the  branches  of  the 
facial  nerve  and  gives  free  access  to  the  bone  is  one 
carried  through  the  middle  line  of  the  upper  lip,  round 
the  ala,  along  the  side  of  the  nose  to  the  inner  angle  of 
the  eye,  and  along  the  lower  border  of  the  orbit  on  to 
the  malar  bone  (Fig.  144).  The  vessels — angular,  labial, 
infra-orbital  and  transverse  facial — are  secured  with 
forceps,  and  after  the  reflection  of  the  mucous  membrane 
to  the  cheek  has  been  divided  the  facial  flap  is  folded 
outwards.  The  cartilage  of  the  nose  is  then  separated 
from  the  nasal  process  of  the  maxilla,  the  periosteum 
of  the  floor  of  the  orbit  freed,  and  a  copper  spatula 
placed  between  it  and  the  bone  to  protect  the  eye  from 
injury. 

The  limits  of  the  superior  maxilla  having  thus  been 
defined,  the  next  step  in  the  operation  is  to  separate  the 
upper  jaw  from  its  connections.  The  junction  of  the 
nasal  process  of  the  maxilla  with  the  nasal  bone  is  first 
divided  with  the  chisel  or  bone -pliers,  the  separation 
being  effected  at  the  highest  part  of  the  osseous  anterior 
nares,  and  continued  backwards  through  the  lachrymal 
and  ethmoid  bones  as  far  as  the  posterior  part  of  the 
spheno-maxillary  fissure. 

The  malar  bone  is  then  partly  sawn  across,  and  the 
division  completed  with  bone-pliers  or  chisel.  Before 
separating  the  affected  half  of  the  jaw  from  its  fellow  on 
the  opposite  side,  an  incision  is  made  in  the  middle  line  • 
through  the  muco-periosteum  of  the  hard  palate,  and  the 
soft  palate  on  the  affected  side  is  separated  from  the 
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Malar  bone  divided  Flap  of  soft  parts 
Fig.  144.— Resection  of  Maxilla. 


hard  with  the  thermo-cautery  (Kocher).  A  iiarrow- 
bladed  saw  or  a  chisel  is  then  applied  to  the  alveolar 
.process  between  the  central  incisor  teeth,  and  after  this 
portion  of  bone  is  divided  the  instrument  is  carried  along 
the  middle  line  of  the  hard  palate.     The  facial  flap 
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is  now  pulled  well  back  and  the  posterior  part  of  the 
mucous  membrane,  the  buccinator  and  pterygoid  muscles 
separated  from  the  jaw,  so  as  to  expose  the  pterygoid 
process,  which  is  chiselled  through. 

The  segment  of  bone  thus  isolated  is  seized  with  lion 
forceps  and  forcibly  wrenched  out.  A  strong  chisel 
pushed  in  behind  the  posterior  wall  of  the  maxillary 
sinus  and  used  as  a  lever  materially  aids  the  separation. 

After  the  bleeding  has  been  arrested  the  cheek  flap 
is  replaced  and  sutured  in  position. 

To  diminish  the  risk  of  aspiration  •  pneumonia,  the 
patient  is  placed  in  the  sitting  posture  as  soon  as  he  has 
recovered  from  the  ansesthetic,  and  the  mouth  is  fre- 
quently washed  out  with  Condy's  fluid  and  sprayed  with 
hydrogen  peroxide.  The  laryngotomy  tube  is  removed 
the  following  day. 

Resection  of  the  Lower  Jaw. — The  operation  varies  with 
the  portion  of  the  jaw  to  be  removed.  In  all  cases 
care  must  be  taken  to  avoid  injuring  the  supra-mandi- 
bular  branches  of  the  facial  nerve.  When  possible  the 
integrity  of  the  mandibular  arch  should  be  maintained 
by  conserving  the  lower  border  of  the  bone,  but  when 
this  is  impracticable  a  simple  wire  splint  or  a  piece 
of  bone  or  ivory  should  be  fixed  in  the  gap  to  prevent 
the  two  fragments  falling  together. 

Removal  of  the  Symphysis  and  Body. — This  can  often 
be  done  through  a  mesial  incision  splitting  the  lip 
and  soft  parts  down  to  the  level  of  the  hyoid  bone. 
If  this  does  not  give  sufficient  room  a  lateral  incision 
may  be  added,  but  this  should  be  avoided  if  possible,  as 
the  division  of  the  muscles  and  nerves  interferes  with 
swallowing  and  adds  to  the  risk  of  aspiration  pneumonia. 
The  segment  of  bone  to  be  removed  having  been  defined, 
the  soft  parts  are  dissected  off  its  anterior  aspect  and 
by  means  of  a  Gigli  saw  the  division  is  effected,  first  on 
one  side  and  then  on  the  otlier.    If  the  loose  segment 
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of  boue  is  then  pulled  upon,  the  diseased  area  in  the 
mouth  can  be  defined,  and  with  scissors  the  mucous 
membrane  is  divided  and  the  muscles  separated  from 
the  inner  aspect.  The  haemorrhage  is  then  arrested ; 
sometimes  it  is  necessary  to  plug  the  inferior  dental 
canal  to  stop  bleeding  from  the  artery.  The  mucous 
membrane  is  sutured  as  far  as  possible,  and  to  prevent 
the  tongue  falling  back  and  interfering  with  respiration 
it  should  be  transfixed  with  a  silkworm  gut  suture  and 
held  forward.  Means  are  taken  to  prevent  the  lateral 
segments  of  the  jaw  from  falling  together  by  interposing 
a  temporary  silver  or  ivory  prop.  After  the  wound  has 
healed  a  denture  is  fitted,  and  the  prominence  of  the 
chin  and  the  alignment  of  the  teeth  are  thus  preserved. 

Removal  of  one  Half  of  the  Lovjer  Jaw. — The  prelim- 
inaries are  the  same  as  for  resection  of  the  upper  jaw. 
The  incision  should  be  planned  so  as  to  give  access  to 
the  glands  in  the  submaxillary  triangle,  which  usually 
require  to  be  removed  at  the  same  time.  It  passes 
through  the  middle  line  of  the  lower  lip  down  to  the 
hyoid  bone,  then  upwards  and  backwards  along  the  sub- 
maxillo-cervical  fold  to  a  finger's  breadth  behind  and 
below  the  angle  of  the  jaw,  and  curves  upwards  to  the 
apex  of  the  mastoid.  If  the  red  edge  of  the  lip  can 
be  left  intact,  the  cosmetic  result  is  much  better.  The 
flap  is  dissected  up,  the  facial  vessels  being  secured 
before  they  are  cut,  and  the  lymph  glands  are  removed. 
To  enable  the  muscles  attached  to  the  jaw  to  be  put 
upon  the  stretch,  the  bone  is  now  divided  a  little  to  one 
side  of  the  middle  line  by  means  of  a  Gigli  saw,  the 
central  incisor  on  the  affected  side  being  first  extracted  if 
necessary.  The  reflection  of  the  mucous  membrane  to 
the  gum  is  next  divided  with  scissors,  and  then  the 
inuscles— genio-hyoid,  genio-hyoglossus,  digastric,  mylo- 
hyoid, and  internal  pterygoid— detached  from  the  inner 
aspect  of  the  bone. 
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If  the  jaw  is  now  pulled  well  downwards  the  coronoid 
process  can  be  brought  into  view,  and  its  tip  snipped 
off  with  bone-pliers,  or  the  temporal  muscle  separated 
from  it.  The  external  pterygoid  tendon  attached  to 
the  condyle,  and  the  capsule  of  the  joint  can  be  torn 
by  twisting  the  bone.  This  avoids  the  risk  of  injuring 
the  internal  maxillary  artery  with  cutting  instruments, 
as  it  lies  between  the  neck  of  the  condyle  and  the 
internal  lateral  ligament. 

The  inferior  dental  artery  is  secured  at  the  upper 
and  posterior  angle  of  the  wound.  The  stumps  of  the 
muscles  connecting  the  tongue  to  the  lower  jaw  should 
be  stitched  forward  before  the  flap  is  replaced  and 
sutured.  Special  care  is  taken  to  stitch  the  red  margin 
of  the  lower  lip  accurately. 

Bemoval  of  the  Ramus  alone. — This  operation  is  per- 
formed through  an  incision  similar  to  the  posterior  part 
of  that  employed  for  removal  of  one  half  of  the  jaw. 

The  bone  is  exposed  in  front  of  the  masseter  muscle, 
and  divided  by  means  of  a  Gigli  saw  passed  through  the 
mucous  membrane  behind  the  last  molar  tooth.  The 
subsequent  steps  are  similar  to  those  for  removal  of  half 
the  mandible. 

The  same  precautions  against  aspiration  pneumonia 
are  taken  as  after  excision  of  the  maxilla,  but  as  the 
mechanism  of  deglutition  is  more  interfered  with  the 
risk  is  greater  after  removal  of  the  mandible. 

Operation  for  Closure  or  Fixation  of  the  Lower  Jaw.  

When  the  cause  of  the  fixation  is  in  the  joints,  one  or 
both  condyles  should  be  resected. 

Resection  of  the  Condyle  of  Lower  Jaio. — A  curved 
incision  is  made  through  the  skin  and  fascia  from  a  point 
just  in  front  of  the  tragus,  upwards  and  forwards  over  the 
zygoma,  care  being  taken  to  avoid  branches  of  the  facial 
nerve  and  the  superficial  temporal  vessels.  Any  outlyina 
lobules  of  the  parotid  gland  that  may  overlie  the  con- 
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dyle  are  hooked  aside.  A  vertical  incision  is  now  made 
through  the  capsule  of  the  joint,  exposing  the  neck  of 
the  lower  jaw.  The  condyle  is  then  levered  out  of  the 
joint,  the  external  pterygoid  tendon  separated  from  the 
neck,  which  is  divided  with  a  Gigli  saw  or  bone-pliers. 
It  is  important  to  remove  a  considerable  portion  of 
bone.  It  may  also  be  necessary  to  remove  the  meniscus. 
When  the  meniscus  has  been  removed,  a  portion  of  the 
temporal  muscle  or  fascia,  or  of  the  masseter  muscle, 
should  be  stitched  in  position  between  the  socket  and  the 
stump  of  the  neck  of  the  bone,  to  prevent  ankylosis. 

A  similar  operation  was  performed  by  Annandale 
for  siibluxation  of  the  meniscus.  The  cartilage  may 
either  be  removed  or  stitched  in  position,  after  which  the 
capsule  is  sutured  and  the  wound  closed. 

When  the  fixation  is  due  to  cicatricial  contraction  of 
the  soft  parts,  Esmarch's  method  of  forming  an  artificial 
joint  well  in  front  of  the  cicatricial  tissue  is  performed. 

An  incision  is  made  under  the  lower  border  of  the 
jaw,  exposing  the  bone.  The  facial  vessels  are  secured 
with  forceps.  A  wedge-shaped  segment  of  bone  with 
its  apex  at  the  alveolus  is  then  mapped  out  by  dividing 
the  periosteum  in  front  and  behind,  and  this  portion  of 
bone,  the  base  of  which  measures  about  an  inch  and  a 
quarter,  is  removed  by  means  of  a  Gigli  saw.  To  prevent 
osseous  union  taking  place  between  the  bony  surfaces, 
portions  of  the  masseter  and  internal  pterygoid  muscles 
are  detached  and  interposed  between  the  fragments. 
Active  and  passive  movements  must  be  carried  out  from 
the  first. 
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OPERATIONS  ON  THE  TONGUE  AND 
SALIVARY  GLANDS 

Excision  op  the  Tongue  for  Cancer  :  General ;  JVJiitehead's 
Operation;  Syme's  Operation;  Excision  of  the  Tongue  ivith 
Resection  of  the  Central  Portion  of  the  Mandible.  Operations 
FOR  Parotid  Tumours  :  Non-malignant ;  Malignant. 

EXCISION  OF  THE  TONGUE  FOE  CANCER 

The  operation  for  removal  of  the  tongue  varies  with  the 
site  and  extent  of  the  growth  and  the  degree  to  which 
adjacent  parts,  such  as  the  floor  of  the  mouth,  the 
tonsil,  or  the  jaw  may  be  implicated.     It  is  now  generally 
recognised  that  freedom  from  recurrence  of  the  disease 
can  only  be  looked  for  if  the  whole  of  the  lymphatic 
connections  of   the    tongue  are  also  removed.  This 
iuvolves  a  free  dissection  of  the  anterior  triangle  of  the 
neck,  and  removal  of  the  cervical  fascia  together  with 
all   the   lymphatics.    Most    surgeons   are   content  to 
remove  the  glands  on  the  affected  side  only,  but  Kocher 
recommends  that  both  sides  be  dealt  with,  as  recurrence 
sometimes  occurs  in  the  glands  on  the  side  opposite  to 
the  primary  growth.    The  glands  may  be  removed  at 
the  same  time  as  the  tongue,  but  it  is  on  the  whole 
better  to  postpone  the  dissection  till  about  ten  days  after 
the  tongue  has  been  excised,  as  recommended  by  Butlin. 
Kocher  considers  it  preferable  to  clear  out  tlie  glands 
first  and  remove  the  tongue  after  the  wound  has  healed, 
usually  in  about  eight  days. 
VOL.  in. — 22 
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Professor  F.  M.  Caird  advocates  the  use  of  local 
antesthesia  (a  |  per  cent,  solution  of  cocain  to  which  a 
few  drops  of  adrenalin  have  been  added)  for  the  removal 
of  the  tongue.  Even  in  extensive  operations  involving 
division  of  the  jaw  he  has  found  that  infiltration  of  the 
tissues  to  be  divided  ensures  a  painless  operation. 

To  prevent  saliva  and  blood  from  entering  the  air 
passages  when  under  a  general  anaesthetic,  the  patient 
should  be  placed  in  the  Trendelenburg  position. 

Some  surgeons  advocate  the  performance  of  a  prelimin- 
ary laryngotomy,  on  the  ground  that  it  facilitates  the 
administration  of  the  antesthetic,  and  enables  the  back 
of  the  mouth  to  be  packed  so  as  to  diminish  the  risk  of 
blood  passing  into  the  air  passages,  but  in  our  opinion 
this  is  only  necessary  when  the  disease  is  extensive  and 
involves  the  floor  of  the  mouth,  the  tonsil,  or  the  jaw. 

Whitehead's  Operation. — This  procedure,  which  consists 
in  removing  a  carcinoma  of  the  tongue  through  the 
mouth  without  an  external  incision,  is  most  suitable  in 
early  cases  in  which  the  growth  is  limited  to  the  anterior 
portion  of  one  side  of  the  tongue,  and  has  formed  no 
attachments  to  the  floor  of  the  mouth  or  to  the  jaw. 
The  mouth  is  opened  widely  with  a  gag,  and,  to  enable 
the  tongue  to  be  pulled  well  out  of  the  mouth,  each  half 
is  transfixed  with  a  strand  of  silkworm  gut  passed  through 
its  substance  behind  the  level  of  the  frenum.  The 
tongue  is  then  split  along  the  middle  line  to  a  point 
well  beyond  the  level  of  the  growth.  The  mucous 
membrane  along  the  line  of  its  reflection  on  to  the 
alveolar  process  is  next  divided  with  scissors,  and  the 
vessels  and  nerves  are  thus  exposed.  The  vessels  entering 
the  affected  portion  of  the  tongue  may  now  be  secured. 
The  anterior  pillar  of  the  fauces  is  next  divided,  and  the 
muscles  between  the  tongue  and  the  floor  of  the  mouth 
are  snipped  through  with  scissors,  any  vessels  that  bleed 
being  secured  with  forceps.    Finally,  the  tongue  is  cut 
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cacross  well  behind  the  growth.  The  mucous  membrane 
on  the  upper  and  under  surfaces  of  the  tongue  is  then 
sutured  with  chromic  gut.  The  loop  of  silkworm  gut  in 
the  healthy  half  of  the  tongue  should  be  left  in  position, 
as  it  affords  an  easy  means  of  preventing  the  tongue  falling 

Mucous  membrane  divided 
Lingual  nerve     |  Left  genio-liyoglossus 


Communicating 
branch  between 
lingual  and  hypo- 
glossal nerves 

Ranine  vein 
G-enio-hyoid 


Hypo- 
glossal 
nerve 


I   Attachment  of  right  genio- 
I  hyoglossus 
Platysma 
Right  genio-hyoglossus 
I  Lingual  artery 
Hyoglossus 


Fig.  145.— Excision  of  Tongue  by  Syme's  Method. 

back  into  the  pharynx  while  the  patient  is  recovering 
from  the  effects  of  the  anaesthetic. 

Syme's  Operation.— When  the  disease  is  more  extensive 
and  uivolves  the  back  of  the  tongue,  and  particularly  when 
It  has  spread  to  the  floor  of  the  mouth,  the  fauces,  or  the 
soft  palate,  it  is  necessary  to  obtain  freer  access,  by 
dividmg  the  jaw  in  the  middle  line  after  the  method  of 
Syme  (Fig.  145). 
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The  tongue  having  been  transfixed  with  a  strand  of 
silkworm  gut,  a  mesial  incision  is  carried  through  the 
lower  lip  over  the  chin  and  down  to  the  hyoid  bone, 
and    the   vessels   secured   with   forceps.     There  are 
usually  some  lymph  glands  in  the  submental  region,  and 
these  should  be  removed.    Two  holes  are  then  drilled 
through  the  jaw  on  either  side  of  the  middle  line  to 
facilitate  suturing  of  the  bone  after  the  tongue  has  been 
removed :  the  bone  is  more  easily  perforated  at  this  stage 
than  after  it  has  been  divided.    A  Gigli  saw  is  now 
passed  round  the  jaw  in  the  space  between  the  first  and 
second  incisor  teeth  on  the  affected  side,  and  the  bone 
divided.    The  two  halves  are  then  held  apart  with 
retractors  and  the  tongue  separated  from  the  floor  of 
the  mouth  by  dividing  the  mucous  membrane  on  each 
side.     The  mylo-hyoids  and   digastrics  are  separated 
in  the  middle  line,  and  the  genio-hyoids  and  genio-hyo- 
glossi  exposed.    If  the  tongue  is  now  drawn  out  towards 
the  healthy  side,  the  structures  on  its  under  surface  are 
put  upon  the  stretch,  and  the  mucous  membrane  can  be 
divided  back  to  the  anterior  pillar  of  the  fauces,  which 
is  then  cut  across.    The  ranine  vein,  the  hypoglossal 
nerve,  and  the  lingual  nerve  are  seen  on  the  outer  surface 
of  the  hyoglossus,  and  the  lingual  artery  is  found  passmg 
forward  and  upward  between  the  hyoglossus  and  the  genio- 
hyoglossus,  where  it  can  be  ligated.    The  muscles  inserted 
into  the  genioid  tubercles  are  separated  from  the  bone, 
and  any  diseased  tissue  dissected  up  from  the  floor  of  the 
mouth.    The  tongue  can  now  be  more  freely  withdrawn 
from  the  mouth,  and  the  mucous  membrane  is  divided 
well  behind  the  growth.    The  tongue  is  then  cut  through 
and  the  bleeding  vessels  secured.    Kochev  lays  stress  on 
the  advantage  of  employing  the  thermo-cautery  for  the 
division  of  the  extrinsic  muscles,  the  mucous  membrane, 
and  the  substance  of  the  tongue. 

The  two  halves  of  the  jaw  are  sutured  with  silver 


EXCISION  OF  TONGUE 


341 


wire,  and  the  soft  parts  stitched  accurately  in  position. 
A  little  above  the  hyoid  bone  at  the  posterior  part  of 
the  incision  an  opening  is  left,  into  which  a  strip  of 
iodoform  gauze  is  inserted  (Kocher).  Before  the  patient 
is  returned  to  bed  a  strand  of  silkworm  gut  is  passed 
through  the  stump  of  the  tongue  to  prevent  it  falling 
back  and  obstructing  the  respiration. 

Excision  of  the  Tongue  with  Resection  of  the  Central 
Portion  of  the  Mandible. — When  the  disease  infiltrates 
the  floor  of  the  mouth  and  the  jaw  in  the  region  of 
the  symphysis,  it  is  necessary  to  remove  a  portion  of  the 
bone  along  with  the  growth. 

A  mesial  incision  is  made  through  the  lip  down  to 
the  hyoid  bone,  and  the  soft  parts  are  cleared  from  >he 
bone  on  each  side  until  a  healthy  part  is  reached. 

The  mandible  is  divided  with  a  Gigli  saw,  and  the 
central  segment  is  removed  together  with  the  growth  in 
the  tongue  and  the  floor  of  the  mouth.  Caird  recommends 
that  the  thick  lower  border  of  the  bone  should  be  con- 
served to  maintain  the  integrity  of  the  mandibular  arch, 
and  he  has  never  seen  recurrence  take  place  in  the 
portion  of  bone  so  preserved.  When  this  is  not  done 
the  portion  of  bone  removed  should  be  replaced  by  a 
mechanical  prop,  such  as  a  piece  of  ivory,  to  prevent 
the  lateral  segments  falling  together. 

OPEEATIONS  FOR  PAROTID  TUMOURS 

Excision  of  Non-malignant  Tumours.— The  commonest 
tumour  met  with  in  the  parotid  gland  is  the  so-called 
"  mixed "  tumour,  which,  in  its  early  stages  at  least,  is 
encapsulated  and  can  be  shelled  out  of  the  compressed 
and  atrophied  salivary  tissue  surrounding  it. 

The  incision  is  made  over  the  most  salient  part  of 
the  swelling,  and  runs  parallel  with  the  main  brandies 
of  the  facial  nerve.    It  should  be  long  enough  to  admit 
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of  free  exposure  of  the  growth.  After  the  integument 
has  been  divided,  the  boundary  between  tlie  tumour  and 
the  parotid  tissue  must  be  clearly  defined,  and  in  doing 
so  every  care  must  be  taken  to  avoid  injuring  the 
branches  of  the  facial  nerve.  These  can  be  recognised 
by  the  contraction  of  the  facial  muscles  which  takes 
place  when  they  are  stimulated. 

If  the  growth  is  soft  and  vascular,  as  much  as  possible 
of  the  capsule  should  be  removed  after  the  tumour  has 
been  shelled  out. 

Excision  of  the  Parotid  for  Malignant  Tumours. — A 
malignant  tumour  calls  for  removal  of  the  entire  parotid 
gland  and  of  any  of  the  adjacent  structures  to  which  the 
growth  has  spread.  The  facial  nerve  must  usually  be 
sacrificed. 

The  incision' employed  will  depend  on  the  size  and 
disposition  of  the  growth,  but  it  must  be  so  planned  as 
to  give  free  access  to  all  the  outlying  parts  of  the  gland, 
and  to  enable  the  htemorrhage  to  be  controlled. 

These  indications  are  usually  met  by  a  — |-shaped 
incision,  the  vertical  limb  of  which  begins  at  the  apex  of 
the  mastoid  and  passes  along  the  anterior  edge  of  the 
stern 0- mastoid  as  far  as  the  level  of  the  upper  border 
of  the  thyroid  cartilage,  the  horizontal  limb  being  carried 
over  the  most  salient  part  of  the  swelling.  The  two 
flaps  thus  delimited  are  reflected  and  held  apart.  Any 
portion  of  skin  infiltrated  by  the  tumour  should  be 
removed.  Kocher  recommends  an  incision  beginning  on 
the  temple  two  fingers'  breadth  above  the  zygoma  and 
running  vertically  downwards  in  front  of  the  tragus  as  far 
as  a  point  on  the  anterior  border  of  the  sterno-mastoid 
two  fingers'  breadth  below  the  angle  of  the  jaw. 

The  tumour  is  exposed  by  incising  the  deep  cervical 
fascia,  and  its  lower  and  anterior  borders  are  defined  and 
separated,  the  transverse  facial  artery  and  the  parotid 
duct  being  divided.    On  reaching  the  posterior  part,  the 
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external  jugular  vein  is  exposed  and  must  be  divided 
between  ligatures.  The  edge  of  the  sterno-mastoid  is 
then  defined,  and  if  it  is  invaded  by  the  tumour  a  portion 
of  the  muscle  must  be  removed.  The  fingers  are  now 
passed  under  the  mass  to  raise  it  from  the  posterior 
belly  of  the  digastric  and  to  expose  the  external  carotid 
ai'tery,  which  must  be  secured  and  divided  between 
ligatures.  The  temporal  fascia  is  divided  above  the 
tumour,  and  the  superficial  temporal  vessels  secured 
before  being  cut. 

In  separating  the  deep  connections,  the  growth  may 
be  found  attached  to  the  capsule  of  the  joint,  a  portion 
of  which  must  be  removed.  Just  behind  the  joint  the 
external  carotid  divides  into  the  superficial  temporal 
and  internal  maxillary  arteries,  which  must  be  secured. 
If  the  tumour  is  adherent  to  the  cartilage  of  the  external 
auditory  meatus  or  to  the  mastoid  process,  portions  of 
these  must  be  removed  with  it. 
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OPERATIONS  ON  THE  NECK 

For  Permanent  Wry-Neck.  For  Spasmodic  Wry -Neck.  For 
Retro-pharyngeal  Abscess.  Butlin's  Operation  for 
Malignant  Glands.  Operation  for  Tuberculous  Glands. 
For  removal  op  Thymus  Gland. 

Operation  for  Permanent  Wry-Neck.  —  Subcutaneous 
tenotomy  of  the  sternal  and  clavicular  attachments  of 
the  sterno-mastoid — at  one  time  the  favourite  method 
of  treatment — has  been  entirely  replaced  by  the  open 
operation,  which  admits  of  all  the  structures  at  fault, 
including  the  cervical  fascia,  being  thoroughly  divided 
without  any  risk  of  injuring  other  structmes  in  the  neck. 
A  horizontal  incision  is  made  a  finger's  breadth  above 
the  clavicle,  and  each  of  the  heads  of  origm  of  the 
sterno-mastoid  thoroughly  and  completely  divided.  Any 
shortened  bands  of  fascia  that  stand  out  after  division 
of  the  muscle  are  also  freely  divided.  It  may  then  be 
necessary  to  divide  the  scalenus  anticus,  care  being  taken 
to  avoid  injuring  the  phrenic  nerve.  The  wound  is 
sutured,  and  the  head  fixed  in  a  slightly  over-corrected 
position  by  means  of  an  elastic  bandage  carried  under 
the  axillae  and  round  the  body. 

Operation  Jor  Spasmodic  Wry-Neck.  — -Po?-  rotatory 
spasm  Kocher  recommends  division  of  the  affected 
muscles  in  preference  to  neurotomy  of  the  upper  four 
cervical  nerves.  In  a  case,  for  example,  of  right-sided 
rotatory  spasm  the  left  sterno-mastoid  is  first  divided, 
an  incision  being  made  through  the  skin  and  fascia, 
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exposing  the  upper  third  of  its  anterior  border,  and  the 
muscle  cut  across  a  little  below  its  attachment  to  the 
mastoid  process. 

The  posterior  muscles  on  the  right  side  of  the  neck — 
the  splenius  capitis  and  colli,  the  trachelo-mastoid,  and 
the  obliquus  capitis  inferior — are  then  divided.  A  trans- 
verse incision  is  made,  two  fingers'  breadth  below  the 
superior  curved  line  ■  of  the  occiput,  downwards  and 
outwards  from  the  anterior  border  of  the  trapezius -to  the 
sterno-mastoid.  The  splenius  capitis  is  then  divided, 
care  being  taken  to  avoid  the  small  occipital  nerve  and 
the  occipital  artery.  The  trachelo-mastoid  is  next 
divided  below  its  insertion  into  the  mastoid,  and  then 
the  slips  of  the  splenius  colli  at  their  attachments  to 
the  transverse  processes  of  the  first  and  second  cervical 
vertebrae.  The  complexus  is  drawn  inwards  to  expose 
the  obliquus  capitis  inferior,  which  passes  from  the  spine 
of  the  second  cervical  vertebra  to  the  transverse  process 
of  the  atlas.  In  dividing  this  muscle  the  great  occipital 
nerve,  which  hooks  round  its  lower  border,  is  to  be 
avoided. 

When  there  is  extensor  spasm  the  attachments  to  the 
skull  of  the  trapezius  and  complexus,  the  rectus  capitis 
posticus  major  and  minor,  and  the  obliquus  superior  must 
also  be  divided. 

Operation  for  Retro-pharyngeal  Abscess.— A  tuber- 
culous abscess  in  the  retro-pharyngeal  space  should 
always  be  opened  from  the  outside  by  an  incision  made 
along  the  posterior  border  of  the  sterno-mastoid,  as  was 
first  suggested  by  John  Ghiene.  After  the  skin  and 
fascia  have  been  divided,  and  the  superficial  cervical 
nerves  and  the  external  jugular  vein  identified  and  held 
aside,  the  sterno-mastoid  is  drawn  forward.  The  omo- 
hyoid is  defined  and  cut  across,  and  the  internal  jugular 
vein,  which  now  comes  into  view,  drawn  forward  with  a 
broad  retractor.    The  scaleni  are  thus  exposed,  and  the 
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abscess  can  be  seen  or  felt  in  front  of  the  vertebrae.  A 
blunt  instrument  is  now  pushed  through  the  deep  fascia 
into  the  cavity,  and  the  pus  and  tuberculous  debris 
removed.  The  abscess  cavity  is  then  filled  with  iodoform 
emulsion,  and  the  external  wound  closed  without 
drainage. 

Butlin's  Operation  for  removal  o!  Malignant  Glands 
in  the  Neck  (Fig.  146). — The  structures  on  the  side  of 
the  neck  to  be  operated  upon  are  put  on  the  stretch 
by  raising  the  shoulders  on  a  sand-bag  and  drawing  the 
head  backwards  and  to  the  opposite  side.    An  incision  is 
made  along  the  anterior  border  of  the  sterno-mastoid, 
from   the  tip  of  the  mastoid  process  to  the  sterno- 
clavicular joint,  and  from  a  point  opposite  the  level  of  the 
upper  border  of  the  thyroid  cartilage  a  second  incision  is 
carried  upwards  and  forwards  to  the  symphysis  menti. 
These  incisions  go  through  the  skin  and  platysma,  the 
external  jugular  vein  and  the  great  auricular  nerve  being 
saved  if  possible,  and   the  integumentary  flaps  thus 
delimited  are  reflected  until  the  whole  of  the  cervical 
fascia  covering  the  anterior  triangle  is  exposed.  The 
anterior  edge  of  the  sterno-mastoid  having  been  defined 
from  below  upwards,  the  muscle  is  drawn  back  with  a 
broad  retractor  and  the  dissection  continued  until  the 
carotid  sheath  is  exposed.     The  cellular  tissue,  which 
contains    the    cervical   lymphatics,  is   then  dissected 
from  below  upwards  in  one  piece,  exposing  the  great 
vessels  in  their  entire  length.    The  depressor  muscles  of 
the  hyoid  are  cleared,  and  all  processes  of  fascia  and  fat 
passing  between  them  and  around  the  vessels  are  removed. 
The  descendens  hypoglossi  nerve  should  be  avoided.  The 
connective  tissue  in  the  submaxillary  triangle  is  dissected 
off  the  digastric  muscle,  and  the  submaxillary  salivary 
gland  as  well  as  the  lymph  glands  is  removed.  A 
gland  is  usually  found  between  the  angle  of  the  jaw  and 
the  anterior  border  of  the  internal  pterygoid  muscle 


EXCISION  OF  CERVICAL  GLANDS  347 


Deep  cervical  fascia 
-VEnlarged  glauds 


Upper  flap  with 
platysma 
Subiriaxillary 
salivary  gland 


Tig.  146.— Butlin's  Operation  for  Eemoval  of  Malignant  Glands  in  Neck. 

The  dissection  is  carried  forward  to  the  submental  region, 
and  the  space  between  the  genio-hyoid  muscles,  which 
usually  contains  a  lymph  gland,  is  cleared  out,  and 
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Superior  thyroid 
artery 
Desoendens  hypoglossi 

Steruo-tliyroid' > 
Common  carotid 
Internal  jugular  veiu 
Omohyoid 

Sterno-mastoid  cut 


Scalenus  an ticus     j  |    Transversalis  colli  vein 
Brachial  plexus  Scalenus  medius  and  posticn. 


Fig.  147.— Deep  dissootiou  of  neck  after  division  of  Stemo-Mastoid. 

the  supra-hyoid  glands  between  the  anterior  bellies  of 
the  dicrastric   muscles   removed.     In   the  upper  and 
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posterior  angle  of  the  wound  special  care  must  be  taken 
to  avoid  injuring  the  spinal  accessory  nerve,  which  runs 
obliquely  downwards  and  backwards  to  enter  the  sterno- 
mastoid.  To  ensure  removal  of  all  the  parotid  (upper 
carotid)  group  of  lymph  glands  it  is  usually  necessary 
to  remove  the  lower  part  of  the  parotid  salivary  gland 
(Butlin).  Sometimes  the  glands  are  so  firmly  adherent 
to  the  internal,  jugular  vein  that  it  is  necessary  to  remove 
a  segment  of  this  vessel,  the  vein  being  first  secured  by 
passing  ligatui'es  round  it  with  an  aneurysm  needle.  It 
may  even  be  necessary  to  excise  a  portion  of  the  external 
carotid  artery  above  the  origin  of  its  superior  thyroid 
branch. 

After  all  haemorrhage  has  been  arrested,  the  cut 
surface  of  the  parotid  gland  should  be  sutured  with 
catgut  before  the  skin  flaps  are  replaced  and  stitched  in 
position.  A  long  narrow  glass  drainage  tube  is  inserted 
at  the  lower  angle  of  the  wound  and  left  in  position  for 
forty-eight  hours.  A  considerable  quantity  of  saliva 
sometimes  escapes  from  the  cut  surface  of  the  parotid, 
but  a  permanent  salivary  fistula  never  results. 

If  the  glands  on  the  opposite  side  of  the  neck  are 
implicated,  a  similar  operation  should  be  carried  out  after 
an  interval  of  a  week  or  ten  days. 

Operation  for  Tuberculous  Glands  o£  the  Neck.— When 
the  glands  are  limited  to  the  anterior  triangle,  an  opera- 
tion similar  to  Butlin's  may  be  performed,  the  incision 
being  made  in  the  line  of  the  folds  of  the  neck. 

When  both  anterior  and  posterior  triangles  are 
implicated,  the  best  access  is  obtained  by  a  Z-shaped 
incision,  the  upper  limb  running  below  and  parallel 
with  the  mandible,  the  vertical  limb  along  the  sterno- 
mastoid,  and  the  lower  limb  above  and  parallel  with  the 
clavicle. 

In  exposing  the  glands,  the  common  facial  and  other 
venous  trunks  may  require  to  be  clamped  and  tied. 
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Care  must  be  taken  not  to  injure  t}ie  important  nerves, 
particularly  the  spinal  accessory,  the  vagus,  and  the 
phrenic.  The  infra-anaxillary  branches  of  the  facial,  the 
hypoglossal  and  its  descending  branches,  and  the  motor 
branches  of  the  deep  cervical  plexus  are  liable  to  be 
injured,  and  should  if  possible  be  conserved.  The  dis- 
section is  rendered  easier,  and  is  attended  with  less  risk 
of  injury  to  the  nerves  if,  instead  of  a  knife,  the  conical 
scissors  of  Mayo  are  employed  as  a  tissue  separator.  In 
the  removal  of  matted  glands  beneath  the  sterno-mastoid 
it  may  be  necessary  to  cut  this  muscle  across  and  to  reflect 
the  divided  ends  upwards  and  downwards  (Fig.  147);  if 
the  muscle  itself  is  infiltrated  with  tubercle,  the  affected 
portion  is  removed  along  with  the  glands.  When  the 
glandular  mass  is  closely  adherent  to  the  internal  jugular 
vein,  the  operation  is  rendered  easier  by  ligating  the  vein  at 
the  root  of  the  neck  and  removing  it  from  below  upwards 
along  with  the  glands  (Watson-Cheyne).  "When  the 
glands  are  extensively  affected  on  both  sides  of  the  neck 
it  may  be  advisable  to  allow  an  interval  to  elapse  rather 
than  to  operate  on  both  sides  at  one  sitting.  In  closing 
the  wound,  the  platysma  and  cervical  fascia  should  be 
re-united  by  means  of  a  fine  catgut  suture,  and  the  skin 
edges  brought  together  by  Michel's  clips ;  if  drainage  is 
called  for,  a  very  fine  glass  tube  should  be  introduced 
through  the  skin  and  fascia  at  a  little  distance  from  the 
main  wound. 

Removal  o£  the  Thymus  Gland.— If  it  is  causing 
pressure  on  the  trachea,  the  thymus  gland  can  be 
exposed  by  a  longitudinal  incision  made  in  the  middle 
line  or  by  Kocher's  low  "  collar  "  incision  (p.  352).  After 
the  skin  and  fascia  have  been  divided  the  capsule  of  the 
gland  is  seen.  By  making  traction  on  it  the  gland  can 
be  pulled  up  from  behind  the  sternum.  The  upper  part 
of  the  gland  lies  against  the  trachea,  and  the  lower  part 
on  the  great  vessels  or  pericardium  behind  the  sternum. 
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The  great  vessels  aud  the  phrenic  nerve  run  close  to  the 
gland  on  each  side,  and  on  the  left  side  there  are  also 
the  vagus  and  recurrent  laryngeal  nerves.  As  all  these 
structures  are  closely  connected  with  the  capsule,  the 
gland  must  be  shelled  out,  the  empty  capsule  being 
held  up  with  stitches.  The  operation  is  not  attended 
with  much  bleeding. 


CHAPTER  XXIII 


OPERATIONS  FOR  GOITRE 

Excision  of  Goitre  :  Kocker's  Operation  for  Movable  Goitre;  Opera- 
tion for  Large  Adherent  Goitre ;  Excision  of  a  Median  Goitre; 
Operation  for  Intra-thoracic  Goitre. 

Kocher's  Operation  for  Excision  of  a  Movable  Goitre,— 

A  transverse  curved  incision — the  collar  incision  of  Kocher 
(Fig.  148) — affords  free  access  and  leaves  an  almost  im- 
perceptible scar.  It  is  carried  from  the  outer  border  of 
one  sterno-mastoid  to  the  outer  border  of  the  other,  and 
curves  slightly  downwards  over  the  most  prominent  part 
of  the  goitre,  the  centre  of  the  incision  usually  falhng 
just  below  the  cricoid  cartilage.  After  the  skin  and 
platysma  are  divided  and  the  cervical  fascia  exposed, 
the  two  anterior  jugular  veins  and  the  "  oblique  veins  " 
of  Kocher,  which  run  along  the  anterior  border  of  the 
sterno-mastoid,  are  seen,  and  must  be  secured  between 
two  ligatures  or  with  forceps.  The  external  jugular 
veins  can  usually  be  avoided. 

The  sterno-hyoid,  sterno-thyroid,  and  omo-hyoid 
muscles,  which  are  spread  out  over  the  goitre,  are  now 
clearly  defined  and  separated  in  the  middle  line,  and 
the  subjacent  layer  of  the  cervical  fascia  is  divided  up- 
wards and  downwards  on  the  finger  passed  beneath  it. 
The  muscles  are  then  retracted  sufficiently  to  expose 
the  tumour,  or  if  this  is  not  possible  they  must  be 
divided,  in  which  case  they  should  be  cut  near  their 
attachments  to  the  hyoid  bone  in  order  to  preserve  their 
nerve  supply  and  give  better  access  to  the  superior 
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thyroid  artery,  aud  to  secure  that  when  they  are  stitched 
the  line  of  suture  will  lie  at  a  different  level  from  that 
of  the  skin  incision  (0,  H.  Mayo). 

In  exposing  the  portion  to  be  removed,  the  external 
capsule  is  carefully  divided  until  the  actual  substance 


Fig.  148. — Kocher's  Collar  Incision  for  Goitre  {a)  ;  and  Incision  for 
Laryngotomy  (6). 

of  the  goitre  is  reached.  A  finger  is  now  passed  under- 
neath the  divided  muscles  and  capsule,  and  the  goitre 
is  "dislocated,"  all  fibrous  bands  passing  from  the 
neighbouring  tissues  to  the  gland  being  secured  with 
forceps  before  being  cut,  as  they  contain  the  "  accessory 
veins." 

The  main  vessels  are  now  ligated.  With  a  blunt 
dissector  the  capsule  is  separated  from  the  upper  corner 
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of  the  thyroid  until  the  superior  thyroid  artery  and  vein 
are  isolated  and  secured  between  two  ligatures. 

The  inferior  thyroid  vessels  are  next  exposed  by  re- 
tracting the  muscles  on  the  affected  side  and  pulling 
the  goitre  well  over  to  the  opposite  side.  Special 
caution  is  necessary  in  securing  these  vessels,  on  account 
of  their  close  connection  with  the  recurrent  laryngeal 
nerve  which  usually  runs  up  behind  them.  The  thyroidea 
ima  vessels,  when  present,  are  secured  as  they  enter  the 
lower  pole  of  the  goitre. 

The  isthmus  is  next  defined  and  separated  from 
the  trachea,  and  the  "  communicating  veins,"  which  run 
along  its  upper  and  lower  borders,  secured.  Strong 
crushing  forceps  are  then  applied  in  the  middle  line,  and 
the  band  of  compressed  tissue  left  when  the  forceps  are 
removed  is  tied  with  a  strong  ligature  before  being  cut 
across. 

Finally,  the  attachments  of  the  affected  half  of  the 
thyroid  to  the  trachea  and  cricoid  cartilage  are  separated, 
special  care  being  taken  not  to  injure  the  recurrent 
laryngeal  nerve  as  it  passes  beneath  the  lower  border  of 
the  larynx.  To  ensure  the  safety  of  the  nerve,  and  to 
avoid  enucleating  the  parathyroid  glands,  which  lie  in 
the  fascia  in  relation  to  this  part  of  the  thyroid,  a  thm 
slice  of  the  gland  may  be  left  adherent  to  the  trachea. 

The  haemorrhage  is  then  arrested,  any  muscles  that 
have  been  divided  are  sutured,  and  the  skin  wound  is 
closed,  provision  being  made  for  drainage  by  introduc- 
ing a  small  glass  tube  through  a  mesial  puncture  made 
for  the  purpose. 

The  same  operation  is  performed  for  exophthalmic 
goitre,  but  it  is  attended  with  more  anxiety  owing  to  the 
existing  thyroidism. 

Operation  for  Large  Adherent  Goitres.— Difficult  Cases. 
— When  the  growth  is  of  large  dimensions,  or  when  it  has 
become  adherent  as  a  result  of  inflammation,  or  is  malig- 
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nant,  the  collar  incision  does  not  give  satisfactory  access, 
and  the  angled  incision  may  be  preferred  (Fig.  149).  It 
begins  over  the  sterno-mastoid  muscle  of  the  side  most 
affected  at  the  level  of  the  thyroid  cartilage,  passes  for- 
wards to  the  middle  line  in  the  natural  fold  of  the  skin, 
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Fig.  149.— Kocher's  Augled  Incision  for  Goitre. 

and  then  vertically  downwards  to  the  supra -sternal 
notch.  The  sterno-mastoid  is  freed  and  retracted,  the 
depressor  muscles  divided  near  to  their  upper  attach- 
ments and  turned  downwards.  The  subsequent  steps  of 
the  operation  are  similar  to  those  above  described. 

Excision  of  a  Median  Goitre.— For  tumours  implicat- 
ing the  isthmus  the  collar  incision  is  suitable.  The 
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removal  of  the  isthmus  involves  division  of  each  lateral 
lobe,  and  the  crushing  forceps  should  if  possible  be 
applied  where  there  is  a  natural  constriction  of  the 
gland. 

Operations  for  Intra-thoracic  Goitre.  —  The  collar 
incision  is  made  low  down  in  the  neck,  and  the  gland 
exposed  as  in  the  other  forms  of  goitre.  The  tumour 
is  then  examined  to  determine  with  which  lobe  of  the 
thyroid  the  retro -sternal  portion  is  connected.  The 
vessels  at  the  upper  pole  of  the  affected  lobe  are  secured, 
the  isthmus  crushed  and  divided,  and,  after  all  accessible 
vessels  have  been  secured,  the  intra-thoracic  prolongation 
is  seized  with  Kocher's  goitre  forceps  and  forcibly  dragged 
upwards.  It  is  sometimes  necessary  to  pass  a  spoon- 
shaped  elevator  underneath  the  growth  to  lever  it  up. 
If  the  intra-thoracic  portion  is  cystic,  its  removal  is 
facilitated  by  incising  the  cyst  and  dragging  upon  the 
collapsed  cyst  wall.  It  may  even  be  necessary  to  break 
up  the  growth  and  remove  it  piecemeal.  The  inferior 
thyroid  artery  is  then  secured,  and  the  operation  com- 
pleted as  in  other  forms  of  goitre. 

Operation  for  Malignant  Goitre. — The  angled  incision 
is  to  be  preferred,  and  the  skin  must  be  freely  divided. 
The  vessels  should  be  secured  as  far  from  the  gland  as 
possible  in  order  that  all  the  structures  to  which  the 
growth  is  adherent  may  be  removed  along  with  the 
thyroid.    Infected  lymph  glands  must  also  be  removed. 


CHAPTER  XXIV 


OPERATIONS  ON  THE  AIR  PASSAGES 

Thyrotomt.   Laryngotomt.    Tracheotomy  :  High ;  Loiu 
Excision  of  the  Larynx. 

Thyrotomy— This  operation  consists  in  splitting  the 
thyroid  cartilage  in  the  middle  line  for  the  removal  of 
papillomata  or  foreign  bodies,  or  for  purposes  of  explora- 
tion in  cases  of  cancer. 

A  preliminary  tracheotomy  is  first  performed  (Fig. 
150),  and  then,  with  the  patient's  head  extended,  a 
mesial  incision  is  carried  from  the  hyoid  bone  down  to 
the  cricoid  cartilage,  dividing  the  skin  and  fascia.  The 
vessels  are  secured  with  forceps  and  ligated.  The 
depressor  muscles  are  held  aside,  and  the  projecting 
angle  of  the  thyroid  cartilage  cleared.  The  tliyroid 
cartilage  is  then  split  accurately  in  the  middle  line 
between  the  anterior  ends  of  the  vocal  cords.  If  this 
is  done  from  below  upwards,  and  the  edges  of  the 
cartilage  are  held  aside  with  hooks,  injury  to  the  vocal 
cords  can  be  avoided  and  a  satisfactory  view  of  the 
interior  of  the  larynx  obtained. 

A  papillomatous  growth  is  snipped  away  with  scissors, 
and  the  edges  of  the  cartilage  are  accurately  stitched 
m  position  with  chromic  catgut  sutures  which  do  not 
penetrate  the  whole  thickness  of  the  cartilage,  care 
bemg  taken  that  the  vocal  cords  are  exactly  opposite 
one  another. 

If  a  cancerous  tumour  is  found,  the  affected  portion 

357 


358    OPERATIONS  ON  THE  AIR  PASSAGES 


of  the  larynx  must  be  removed — Partial  laryngectomy. 
The  mucous  membrane  well  beyond  the  limits  of  the 
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Fig.  150. — Thyrotomy  and  Low  Tracheotomy. 

growth  is  divided  with  the  thermo-cautery  or  with  a 
knife,  and  if  the  tumour  infiltrates  the  cartilage  this  is 
cut  with  strong  scissors,  the  muscles  attached  to  its  outer 
surface  having  first  been  separated  if  they  are  not  in- 
volved in  the  growth.    Iodoform  powder  is  rubbed  on 
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the  raw  surface  and  the  cavity  packed  with  iodoform 
gaiize,  which  is  removed  iu  a  few  days. 

Laryngotomy  (Fig.  148). — This  operation,  which  con- 
sists in  opening  the  larynx  by  dividing  the  crico-thyroid 
membrane,  is  performed  in  emergencies  when  a  person  is 
threatened  with  suffocation,  and  as  a  preliminary  in 
extensive  operations  on  the  jaws,  pharynx,  or  tongue. 

A  mesial  incision  is  made  from  the  upper  border  of 
the  thyroid  cartilage  to  the  lower  border  of  the  cricoid, 
the  deep  fascia  divided  in  the  middle  line,  and  the 
sterno-thyroid  muscles  pushed  aside.  We  have  found 
that  a  horizontal  incision  made  over  the  crico-thyroid 
membrane,  although  it  is  attended  with  more  bleeding 
from  the  superficial  veins,  is  less  liable  to  become  infected, 
and  yields  a  better  cosmetic  result.  The  thyroid  and 
cricoid  cartilages  are  then  defined,  and  the  crico-thyroid 
membrane  incised  transversely,  the  knife  being  inserted 
close  to  the  upper  edge  of  the  cricoid  cartilage  to  avoid 
injuring  the  crico-thyroid  arteries.  The  incision  must 
not  be  extended  far  enough  laterally  to  injure  the  crico- 
thyroid muscle.  The  tube,  which  should  be  oval  in  its 
transverse  section,  is  then  inserted.  In  children  the 
crico-thyroid  space  may  not  afford  sufficient  room,  and 
it  may  be  necessary  to  divide  the  cricoid  cartilage. 

Tracheotomy. — The  trachea  may  be  opened  either 
above  or  below  the  thyroid  isthmus,  which  usually  covers 
the  second,  third,  and  fourth  tracheal  rings. 

In  adults  the  operation  may  be  performed  under  local 
antesthesia,  but  in  children  it  is  usually  advisable  to 
administer  a  general  ana;sthetic.  This,  however,  must 
be  done  with  great  care,  as  the  dyspnoea  may  suddenly 
become  extreme  and  necessitate  the  operation  being 
completed  rapidly  and  artificial  respiration  employed. 

High  Tracheotomy.— The  operation  above  the  isthmus 
is  to  be  preferred,  except  in  special  conditions,  as  it  is 
more  easily  and  rapidly  performed,  and  is  ^  attended 
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with  less  haemorrhage  and  with  fewer  risks  of  septic 
complications  in  the  connective-tissue  planes  of  the  neck. 
When  the  isthmus  is  well  developed,  the  space  above  it 
is  so  small  that  it  is  usually  necessary  to  divide  the 
cricoid  cartilage — Crico-tracheotomy. 

A  roller  pillow  is  placed  beneath  the  neck  to  put 
the  parts  on  the  stretch,  and  an  incision  is  made  from 
the  middle  of  the  thyroid  cartilage  downwards  for 
about  two  inches,  or,  as  we  prefer,  a  horizontal  in- 
cision. After  the  skin  and  fascia  are  divided  and  the 
superficial  veins  secured,  the  adjacent  edges  of  the  sterno- 
hyoid muscles  are  separated  and  drawn  aside  ;  the  cross 
branch  between  the  anterior  jugular  veins  and  any  other 
veins  met  with  are  secured  with  forceps  before  being 
divided.  The  trachea  is  then  exposed  by  dividing  trans- 
versely the  pre-tracheal  layer  of  the  deep  fascia,  which 
passes  from  the  cricoid  to  the  isthmus  of  the  thyroid. 
The  isthmus  is  next  separated  from  the  trachea  by  blunt 
dissection  and  pulled  well  down  with  a  retractor.  If  it 
cannot  be  displaced  sufficiently,  a  double  ligature  should 
be  passed  round  it  with  the  aid  of  an  aneurysm  needle 
and  each  side  secured,  after  which  it  is  divided  in  the 
middle  line. 

All  active  bleeding  having  been  arrested,  the  larynx 
is  steadied  by  inserting  a  sharp  hook  in  the  lower  border 
of  the  cricoid  cartilage,  and  the  trachea  is  opened  by 
thrusting  a  short  broad-bladed  knife  through  the  exposed 
rings.  The  back  of  the  knife  should  be  directed  down- 
wards, and  the  opening  in  the  trachea  enlarged  upwards 
sufficiently  to  admit  the  tracheotomy  tube.  The  slit  in 
the  trachea  is  then  opened  up  with  a  trachea-dilator  or 
by  inserting  a  small  sharp  hook  into  the  cartilage  on 
each  edge,  and  the  outer  tube  introduced  and  fixed 
with  tapes.  The  skin  wound  beyond  the  tube  may  be 
brought  together  with  horsehair  stitches.  The  inner 
tube  is  not  fixed,  so  that  it  may  be  coughed  out  if  it 
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becomes  blocked,  and  that  it  may  be  frequently  removed 
and  cleaned  by  the  nurse.  The  tube  should  be  discarded 
as  soon  as  the  patient  is  able  to  breathe  by  the  natural 
channel. 

Low  Tracheotomy. — When  tracheotomy  is  performed 
as  a  preliminary  to  pharyngotomy,  laryngotomy,  or  laryn- 
gectomy, the  operation  below  the  isthmus  is  to  be  pre- 
ferred, and  it  is  best  done  some  days  before  the  more 
important  operation.  The  low  operation  is  also  called 
for  in  the  removal  of  foreign  bodies  which  have  become 
impacted  low  down  in  the  trachea  or  in  one  of  the 
bronchi. 

The  incision  is  made  between  the  cricoid  cartilage  and 
the  episternal  notch,  and  the  dissection  is  carried  out  on 
the  same  lines  as  in  the  high  operation  (Fig.  150).  In 
addition  to  various  cross  branches  of  veins,  the  inferior 
thyroid  veins  will  be  found  in  front  of  the  trachea,  and 
in  exceptional  cases  the  thyroidea  ima  artery.  In  the 
child,  the  innominate  artery  may  project  above  the  epi- 
sternal notch,  and  the  remains  of  the  thymus  gland  may 
be  found  in  front  of  the  trachea. 

The  low  operation  is  more  difficult  than  the  high  one, 
as  there  are  more  veins  to  be  secured,  and  since  the 
trachea  lies  farther  from  the  surface,  a  longer  tube  must 
be  used. 

In  elderly  persons  the  rings  of  the  trachea  may  be 
calcified  or  ossified  and  refuse  to  yield  to  the  knife. 
The  air  passage  should  then  be  incised  between  two 
rings  of  the  trachea,  and  one  blade  of  a  strong  pair  of 
scissors  inserted  into  the  passage  to  divide  the  rings. 

Complete  Laryngectomy.  —  Excision  of  the  Larynx 
(Heron- Watson,  1868).— A  preliminary  low  tracheotomy 
may  be  performed  several  days  before  the  excision  is 
undertaken,  but  we  do  not  consider  this  advisable.  To 
prevent  the  entrance  of  blood  into  the  lungs,  the  patient 
is  placed  in  the  Trendelenburg  position. 
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A  vertical  incision  is  then  made  from  the  hyoid  bone 
nearly  to  the  episternal  notch,  and  from  its  upper  end 
horizontal  incisions  are  carried  out  on  each  side  as  far 
as  the  sterno-mastoid  muscles  to  admit  of  the  soft  parts 
covering  the  larynx  being  reflected.  Kocher  recommends 
the  "  collar  incision,"  placed  lower  than  for  goitre. 

The  isthmus  of  the  thyroid  is  secured  by  a  double 
ligature  and  divided,  the  trachea  cut  across  at  its  junction 
with  the  cricoid,  and  its  upper  end  stitched  to  the  skin 
at  the  lower  end  of  the  wound.  A  sharp  hook  is  fixed 
in  the  cricoid  cartilage,  the  larynx  pulled  to  one  side, 
and  the  mucous  membrane  of  the  pharynx  separated 
posteriorly.  The  attachment  of  the  inferior  constrictor 
of  the  pharynx  to  the  larynx  is  divided,  and  the  cavity 
of  the  pharynx  entered.  The  larynx  is  now  pulled  to 
the  opposite  side  and  a  similar  dissection  carried  out. 
The  thyro-hyoid  membrane  and  the  superior  cornua  of 
the  thyroid  cartilage  are  next  cut  across,  completing  the 
excision.  The  space  from  which  the  larynx  has  been 
removed  is  then  packed  with  gauze  and  treated  by  the 
open  method. 

The  patient  is  fed  for  a  few  days  through  a  tube 
passed  into  the  oesophagus,  and  by  nutrient  enemata. 


CHAPTER  XXV 


OPERATIONS  ON  THE  BREAST 

Excision  of  Simple  Tumours.   Operations  for  Cancer 
OF  THE  Breast 

Excision  o!  Simple  Tumours— If  situated  near  the 
surface,  a  simple  circumscribed  tumour  in  the  breast 
can  be  excised  through  a  linear  incision  placed  directly 
over  it  and  radiating  from  the  nipple,  the  skin,  sub- 
cutaneous fat,  and  a  thin  layer  of  gland  tissue  being 
divided  and  the  tumour  shelled  out. 

If  the  tumour  is  in  the  deeper  part  of  the  gland  the 
plastic  operation  suggested  by  Gaillard  Thomas  is  to  be 
preferred.  A  curved  incision  is  made  in  the  thoraco- 
mammary  fold,  towards  the  outer  and  lower  border  of 
the  breast,  exposing  the  lower  edge  of  the  pectoralis 
major  muscle.  The  breast  is  then  separated  from  the 
pectoral  fascia  and  reflected  upwards  and  inwards  until 
its  deep  aspect  is  freely  exposed.  The  tumour  can  then 
be  located  and  removed,  either  by  shelling  it  out  of  its 
capsule  or  by  resecting  a  wedge-shaped  segment  of  mam- 
mary tissue  including  the  growth.  After  the  hemorrhage 
has  been  arrested,  the  gap  in  the  breast  should  be  closed 
by  buried  sutures,  the  gland  folded  back  into  place,  and 
the  skin  incision  closed,  a  small  glass  drainage  tube  being 
inserted  and  retained  for  forty-eight  liours. 

When  the  whole  gland  is  implicated  in  the  disease  

for  example,  in  cases  of  multiple  cystic  adenomata — the 
entire  breast  can  be  excised  by  Thomas's  method.  The 
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gland  is  separated  from  the  pectoralis  major  behind  and 
from  the  skin  in  front.  The  disfigurement  is  comparat- 
ively slight,  as  the  nipple  is  retained  and  the  scar  falls 
in  the  sub -mammary  fold. 

Pectoralis  major  divided 
Coraco-bracliialis  and  biceps 
Deltoid 
Pectoralis  minor    Cephalic  | 
Eectus  abdominis  Pectoralis  major  |  vein 


Serratus  maguus  Latissimus 
dorsi 

Communicating  branch  from  third  intercostal 

Nerve  of  Bell 
Subscapularis 
Intercosto-humeral  nerve 


j  Brachial 
I  plexus 
Axillary 
artery 
Axillary  vein 
Subscapular  artery 


Long  subscapular  nerve 

Fig.  151.— Parts  exposed  iu  the  Complete  Operation  for  excision 
of  the  Breast. 


If  it  is  desirable  to  remove  the  nipple  and  a  portion 
of  the  skin  over  the  breast,  an  elliptical  incision  is 
employed. 

Operation  for  Cancer  of  the  Breast— The  only  treat- 
ment is  complete  removal  of  the  breast  and  of  all  the 
adjacent  tissues  to  which  the  disease  is  liable  to  have 
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spread.  The  limits  of  the  operation  have  been  gradually 
extended,  and  in  order  to  prevent  local  recurrence  it  is 
now  considered  necessary  to  remove :  (1)  the  tumour, 
together  with  the  whole  of  the  mammary  gland,  the 
skin  over  it,  and  the  circum-mammary  fat  in  which  it 
hes ;  (2)  the  pectoral  fascia  and  the  extension  of  the 
deep  fascia  over  the  upper  part  of  the  rectus  abdominis 
and  external  oblique  muscles ;  (3)  the  pectoral  muscles 
in  whole  or  in .  part ;  (4)  the  fat,  lymph  vessels,  and 
glands  in  the  axilla,  and  those  in  relation  to  the 
pectoralis  minor,  costo-coracoid  membrane,  and  sub- 
scapular vessels;  (5)  if  the  supra-clavicular  glands  are 
enlarged  they  also  should  be  removed. 

There  are  many  different  ways  of  performing  the 
operation  so  as  to  fulfil  these  requirements. 

The  following  description,  based  on  the  method 
employed  by  Kocher,  may  be  taken  as  illustrative  of 
the  lines  on  which  the  modern  operation  is  carried  out 
(Fig.  151). 

Dissection  of  Axilla. — The  arm  being  fully  abducted,  an 
incision  is  commenced  at  a  point  on  the  clavicle  slightly 
internal  to  the  groove  between  the  deltoid  and  pec- 
toralis major,  and  is  carried  through  skin  and  fascia 
over  the  pectoral  muscle  and  across  the  axilla  to  its 
posterior  fold. 

The  cephalic  vein,  which  is  exposed  in  the  furrow 
between  the  deltoid  and  pectoral  muscles,  should  if 
possible  be  avoided,  as  it  will  form  an  important  channel 
for  the  return  of  blood  from  the  limb  in  the  event  of 
the  axillary  vein  being  interfered  with. 

The  axillary  fascia  is  cleared  from  the  lower  border  of 
the  pectoralis  major,  a  finger  is  passed  underneath  the 
muscle  about  an  inch  from  its  insertion  into  the  humerus, 
and  the  muscle  is  cut  across.  It  is  usually  necessary  to 
apply  forceps  to  one  or  two  bleeding-points  in  the 
muscle.    The  axillary  vessels,  notably  the  large  blue 
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vein,  surrounded  by  fat  and  connective  tissue,  then- 
come  into  view,  and  if  it  is  desired  to  expose  them  as 
far  lip  as  the  clavicle,  it  is  necessary  to  divide  the 
pectoralis  minor  close  to  its  insertion  into  the  coracoid 
process. 

The  muscles  forming  the  posterior  boundary  of  the 
axilla — latissimus  dorsi  and  teres  major — are  defined  by 
separating  the  axillary  fascia  from  them. 

The  finger  is  then  passed  into  the  apex  of  the  axilla, 
and  by  gauze  dissection  the  fat,  lymphatics,  and  fascia 
are  separated  from  above  downwards  until  the  whole 
length  of  the  axillary  vein  is  cleared. 

Any  branches  of  the  axillary  vessels  that  require  to 
be  divided  should  be  seized  with  two  pairs  of  forceps  a 
short  distance  from  the  main  trunks  and  cut  between  the 
forceps. 

When  the  axillary  contents  have  been  cleared  out  in 
this  way,  the  subscapular  nerves  are  exposed  in  the 
furrow  between  the  latissimus  dorsi  and  the  siibscapul- 
aris,  and  the  long  thoracic  nerve  (of  Bell)  is  seen  on 
the  surface  of  the  serratus  magnus. 

The  separation  of  the  fascia  covering  the  subscapularis, 
latissimus  dorsi,  and  serratus  magnus  is  continued  down 
to  the  lower  limit  of  the  wound. 

Removal  of  ihe  Breast. — In  planning  the  incision  for 
delimiting  the  breast,  consideration  must  be  had  to  the 
situation  of  the  main  tumour,  so  that  a  wide  area  of 
the  skin  overlying  and  surrounding  it  may  be  removed. 
If  the  growth  lies  under  the  areola,  the  delimiting 
incision  takes  the  form  of  a  wide  ellipse,  the  sides  of 
which  extend  well  beyond  the  limits  of  the  tumour. 

When  the  tumour  is  situated  towards  the  2)e7'ipherj/  of 
the  breast  the  incisions  must  be  modified  accordingly, 
the  ellipse  being  made  wider  on  the  affected  aspect,  or  a 
V-shaped  incision  being  carried  beyond  the  growth. 

From  the  axillary  wound,  an  incision  is  carried  above 
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.the  breast  and  the  skin  dissected  from  the  subcutaneous 
fat  as  far  up  as  the  lower  border  of  the  clavicle  and  in- 
wards to  the  middle  of  the  sternum.  The  bleeding-points 
are  secured  with  forceps,  and  the  flap  covered  with  a  large 
gauze  swab  wrung  out  of  hot  saline  solution. 

The  breast  is  now  pulled  towards  the  middle  line  by 
the  assistant,  and  an  incision  is  made  below  the  breast 
and  the  skin  reflected  beyond  the  edge  of  the  latissimus 
dorsi.  At  its  lower  end,  this  flap  should  be  dissected 
down  in  the  epigastric  triangle  far  enough  to  expose  the 
fascia  covering  the  upper  digitations  of  the  external 
oblique  muscle  and  the  anterior  sheath  of  the  rectus 
abdominis. 

The  breast  is  now  pulled  towards  the  axilla  and  the 
fibres  of  origin  of  the  pectoralis  major  and  minor 
separated  in  turn,  the  perforating  branches  of  the 
internal  mammary  artery  being  secured  with  forceps 
before  they  are  divided.  At  the  lower  angle  of  the 
wound  the  fascia  covering  the  upper  part  of  the  sheath 
of  the  rectus  abdominis  and  the  exposed  portion  of  the 
external  oblique  are  dissected  of!'. 

The  dissection  of  the  breast  from  the  chest  wall  is 
continued  until  the  posterior  axillary  border  is  reached. 
The  fascia  is  then  cleared  from  the  portions  of  the  sub- 
scapularis,.  latissimus  dorsi,  and  serratus  magnus  that 
could  not  be  reached  from  the  axillary  wound,  and  the 
breast  and  axillary  contents  are  removed  in  one  piece. 

Closiire  of  the  Wound. — Any  blood  vessels  divided 
close  to  the  main  trunks  in  the  axilla,  and  the  per- 
forating branches  of  the  internal  mammary,  should  be 
secured  with  ligatures ;  bleeding  from  other  vessels  can 
usually  be  arrested  by  torsion. 

A  large -sized  drainage  tube  is  introduced  through 
a  puncture  opening  made  for  the  purpose  in  the  posterior 
flap,  just  in  front  of  the  latissimus  dorsi. 

The  flaps  are  then  adapted  to  one  another  and  brought 
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into  apposition  as  accurately  as  possible  and  sutured 
with  horsehair  or  silkworm  gut.  When  the  wound 
cannot  be  completely  closed,  the  flaps  may  be  mobihsed 
by  "  under  cutting,"  or  the  raw  surface  may  be  covered 
with  Thiersch  grafts.  Skin  which  is  unlikely  to  retain 
its  vitality  because  of  tension  should  be  scored  with  the 
knife  (C.  H.  Mayo). 

When  the  wound  cannot  be  completely  closed  by  the 
flaps,  a  few  Thiersch  grafts  should  be  taken  from  the 
thigh  and  placed  on  the  raw  surface  left. 

The  dressing  is  then  applied,  a  large  pad  of  wool 
being  placed  over  the  back,  as  the  blood  and  serum 
escaping  from  the  drainage  tube  tend  to  reach  this  part. 
The  upper  arm  is  abducted  to  the  level  of  the  shoulder, 
and  the  axilla  is  well  banked  up  with  wool.  The  bandage 
which  retains  the  dressing  in  position  should  be  applied 
firmly  to  check  oozing.  When  the  patient  returns  to 
bed  the  forearm  is  flexed  to  a  right  angle  and  supported 
on  a  pillow. 

It  is  usually  necessary  to  change  the  dressing  the  day 
after  the  operation.  The  drainage  tube  should  be  left 
in  for  two  or  three  days. 
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OPERATIONS  ON  THE  CHEST 

Operation  for  Tuberculosis  op  Eibs  anb  Sternum  ;  For 
Tumours  op  Ribs  ;  for  Acute  Empyema  ;  for  Chronic  Em- 
pyema— Estlander's  Operation ;  Schede's  Operation y  Decortication. 
Pneumotomt:  For  Abscess,  for  Gangrene ;  For  Tumours  and 
Chjsts.  Operation  for  Pulmonary  Phthisis.  Trans- 
pleural Operations.  Operations  on  Heart  and  Peri- 
cardium :  Puncture  and  Drainage  of  Pericardium ;  Exposure 
and  Suture  of  Hecat ;  Cardiohjsis. 

Operation  for  Tuberculosis  of  Ribs  and  Sternum— 

the  skin  is  still  intact  an  attempt  should  be  made  to 
excise  in  one  piece  the  cold  abscess  and  the  portion  of 
bone  in  which  the  primary  focus  of  disease  is  situated. 

In  our  experience  this  is  best  done  by  reflecting  the 
skin,  fascia,  and  muscle  overlying  the  abscess  in  the  form 
of  a  flap,  and  defining  clearly  the  limits  of  the  abscess 
and  of  the  affected  segment  of  rib,  costal  cartilage,  or 
sternum  as  the  case  may  be.  The  periosteum  is  then 
incised  iu  the  long  axis  of  the  rib,  and  separated  from 
the  bone,  special  care  being  taken  while  clearing  the 
posterior  aspect  of  the  rib  not  to  injure  the  parietal 
pleura.  The  rib  is  then  divided  with  cutting  forceps, 
and  the  operation  completed  by  separating  the  inter- 
costal muscles  from  the  portion  to  be  removed.  The 
flap  is  then  replaced  and  sutured  in  position  witliout 
drainage. 

In  women  it  may  bo  necessary  to  throw  up  the 
breast  to  gain  access  to  the  diseased  focus. 

When  the  abscess  is  too  large  to  admit  of  complete 
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excision,  or  when  sinuses  are  present,  they  must  be  laid 
freely  open  and  scraped  before  the  diseased  segment  of 
bone  is  excised.  The  wound  is  then  purified,  packed  with 
gauze,  and  treated  by  the  open  method. 

Operations  £or  Tumours  o£  Ribs.— As  the  pleura  is 

Intercostal  Muscle 
Eib       I  Periosteum 


■m 


Pleura 

Fig.  152. — Operation  for  Acute  Empyema. 


frequently  involved  in  tumours  of  the  ribs,  tlie  operation 
is  attended  with  considerable  risk  of  pneumothorax. 
The  operation,  therefore,  should  if  possible  be  performed 
with  the  aid  of  a  differential  pressure  apparatus.  If  this 
is  not  available  care  must  be  taken  that  the  pleura  is 
opened  by  a  small  incision  at  first,  and  that  as  the 
opening  is  enlarged  the  wound  is  packed  with  a  large 
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warm  gai;ze  compress.  The  lung  may  then  be  seized 
with  forceps,  pulled  into  the  wound,  and  sutured  to  one 
edge  of  the  opening,  the  sutures  including  the  lung  tissue 
as  well  as  the  visceral  pleura,  and  the  intercostal  muscles 
as  well  as  the  parietal  pleura. 

The  tumour  is  exposed  by  reflecting  a  U-shaped  flap, 
with  its  base  above  and  behind,  or  by  a  linear  incision 
parallel  with  the  ribs,  according  to  the  size  and  dis- 
position of  the  growth.  The  soft  parts,  including  muscle, 
having  been  reflected,  the  ribs  to  which  the  growth  is 
adherent  are  defined  and  divided  subperiosteally  well 
beyond  the  limits  of  the  tumour.  If  the  pleura  is 
implicated,  and  has  to  be  opened,  it  is  dealt  with  in  one 
or  other  of  the  methods  mentioned  above.  If  a  large 
opening  has  been  made  in  the  pleura  the  lung  should 
be  sutured  all  round,  and  any  air  left  in  the  cavfty  with- 
drawn by  means  of  an  aspirator,  before  the  external 
wound  is  closed.  Provision  sho;ild  be  made  for  draining 
the  external  wound,  but  not  the  pleural  space. 

Operation  for  Acute  Empyema.-Before  the  incision 
IS  made  the  skin  should  be  pulled  up  slightly  over  the 
rib  to  be  resected,  to  ensure  that,  when  the  chest  falls  in 
after  withdrawal  of  the  pus,  the  opening  in   the  soft 
tissues  wiU  be  opposite  the  opening  through  the  rib 
The  incision,  which  in  cases  of  generalised  empyema  is 
best  made  over  the  seventh,  eighth,  or  ninth  rib  in  the 
mid-  or  posterior  axillary  line,  and  in  the  long  axis  of 
the  nb,  is  carried  down  to  the  bone,  dividing  the  peri- 
osteum freely  (Fig.  152).    The  periosteum  is  then  raised 
all  round  with  a  curved  separator,  care  being  taken  of 
the  intercostal  vessels,  which  run  in  the  groove  on  the 
under  edge  of  the  rib.    With  bone  forceps  a  portion 
0  nb  about  an  inch  and  a  half  long  is  resected  The 
pleura  is  opened  by  pushing  a  director  through  it,  and 
the  finger  is  introduced  through  the  opening  thus  made. 
Before  the  pus  escapes,  the  cavity  should  be  explored 
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with  the  finger  to  determine  its  extent  and  the  condition 
of  the  lung.  The  pus  is  allowed  to  flow  out  slowly,  in 
order  that  the  heart  and  lungs  may  gradually  accom- 
modate themselves  to  the  altered  conditions  of  pressure 
within  the  thorax.  It  is  not  advisable  to  scrape  the 
walls  of  the  cavity,  and  irrigation  is  to  be  avoided  unless 
the  pus  is  very  foetid.  When  irrigation  is  employed, 
care  must  be  taken  that  the  fluid  is  at  body  temperature, 
and  that  the  outflow  is  as  free  as  the  inflow,  so  that 
there  may  be  no  accumulation  of  fluid,  which  by  its 
weight  may  impede  the  action  of  the  heart  and  lungs. 
Neglect  of  these  precautions  has  led  to  serious,  and  in 
some  cases  to  fatal,  results. 

Two  large-sized  rubber  tubes  are  introduced  side  by 
side  so  that  they  project  about  a  quarter  of  an  inch 
into  the  pleural  cavity;    only  that  portion  of  each 
tube  which  projects  within  the  pleural  cavity  should  be 
perforated,  so  that  the  pus  is  carried  past  the  wound 
in  the  parietes  without  contaminating  it  unduly.  The 
advantage  of  two  tubes  is  that  the  risk  of  blockage  is 
diminished,  and  that,  at  the  subsequent  dressings,  one 
tube  can  be  removed  at  a  time,  the  other  keeping  the 
wound  open  and  facihtating  re-introduction.    The  outer 
end  of  each  tube  should  be  transfixed  with  a  large 
safety-pin  to  prevent  its  being  sucked  into  the  pleural 
cavity  during    inspiration.    We    have  found  Wilson's 
double-flanged  empyema  tube  satisfactory.  Hogarth 
Pringle  recommends  that  if  the  lung  does  not  show  signs 
of  expanding  with  the  first  few  coughing  efforts  the 
adhesions  between  the  two  pleural  surfaces  should  be 
freely  separated  with  the  finger  or  with  a  blunt  mstru- 
ment,  more  ribs  being  resected  if  necessary  to  permit  ot 
the  adhesions  being  reached. 

Operation  for  Chronic  or  Old-standing  Empyema  with 
Infected  Sinuses.-The  object  of  this  operation  is  to 
remove  a  sulficient  amount  of  the  chest  wall  to  admit  ol 
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the  parietes  falling  in  sufficiently  to  lead  to  obliteration 
of  the  cavity.  It  follows,  therefore,  that  the  method 
selected  will  vary  with  the  size  and  position  of  the 
cavity. 

Estlander's  Operation  is  suitable  for  cavities  of  limited 
extent.  It  consists  in  making  a  vertical  incision  over 
the  cavity,  dissecting  back  the  soft  parts  to  expose  the 
ribs  forming  its  outer  wall,  and  resecting  subperiosteally 
a  sufficient  length  of  each  of  these  to  allow  the  soft  parts 
to  fall  in. 

Schede's  Operation. — This  method  is  called  for  in 
more  extensive  cavities.  A  curved  incision  maps  out  a 
large  horseshoe-shaped  musculo-cutaneous  flap,  which  is 
raised  off  the  ribs,  from  the  second  or  third  to  the 
ninth  or  tenth  according  to  the  size  of  the  cavity.  The 
ribs  are  then  excised  subperiosteally,  after  which  the 
intercostal  muscles  with  the  thickened  parietal  pleura 
are  removed,  the  intercostal  vessels  being  secured  as  they 
are  divided.  The  visceral  pleura  is  scraped  with  a 
sharp  spoon,  and  the  musculo-cutaneous  flap  replaced 
and  sutured  in  position. 

Depage's  modification  of  this  method  is  less  severe. 
It  consists  in  making  the  incision  through  the  soft  parts, 
dividing  the  ribs  and  parietal  pleura,  securing  the  inter- 
costal vessels  as  they  are  cut,  and  throwing  up  the 
whole  chest  wall  as  a  flap.  The  ribs  are  then  resected 
subperiosteally  from  the  inner  aspect  of  the  flap,  and 
the  soft  parts  folded  back  into  position. 

Decortication  o£  the  Lung.— When  the  lung  is  firmly 
bound  down  in  the  vertebral  groove  and  is  incapable  of 
expansion,  the  thickened  visceral  pleura  should  be  stripped 
from  it — Decortication  (Fowler ;  Delorme). 

The  cavity  is  laid  freely  open,  either  by  throwing  up 
a  U-shaped  musculo-cutaneous  flap,  or  by  a  longitudinal 
mcision  in  the  mid-axillary  line,  and  after  all  the  granu- 
lation tissue  has  been  scraped  away  with  a  sharp  spoon, 
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an  incision  is  made  through  the  visceral  pleura  until  the 
lung  tissue  is  exposed.  The  pleura  is  dissected  off  from 
above  downwards  as  a  flap,  special  care  being  taken  that 
the  thickened  fibrous  tissue  at  the  angles  of  reflection 
between  the  visceral  and  the  parietal  pleura  is  freely 
removed,  so  that  the  exposed  lung  tissue  may  readily 
expand.  The  musculo-cutaneous  flap  is  then  replaced 
in  contact  with  the  rawed  lung  surface,  to  which  it  may 
be  stitched  (Goldmann). 

Operation  for  Abscess  or  Gangrene  o£  Lung— Pneu- 
motomy. — The  site  of  the  diseased  focus  having  been 
determined  by  clinical  means  and  confirmed  by  the  use 
of  an  exploring  needle,  an  incision  is  made  along  the 
rib  which  corresponds  to  the  lowest  level  of  the  abscess. 
A  portion  of  this  rib,  about  three  inches  in  length, 
aud,  if  necessary,  of  one  or  two  ribs  higher,  is  excised 
subperiosteally.    A  continuous  circular  suture  is  then 
introduced  to  bring  together  the  parietal  and  visceral 
layers  of  the  pleura  round  the  area  to  be  opened,  and 
so  to  prevent  the  entrance  of  air  or  pus  into  the  general 
X^leural  cavity.    The  pleura  is  now  incised,  the  lung 
tissue  divided  with  the  thermo-cautery,  and  the  abscess 
cavity  emptied.    If  it  is  necessary  to  enlarge  the  wound 
in  the  lung  to  admit  of  the  escape  of  gangrenous  masses, 
this  should  be  done  with  a  blunt  instrument  or  by  intro- 
ducing a  pair  of  forceps  and  expanding  the  blades.  The 
cavity  in  the  lung  is  then  packed  with  gauze  or  drained 
by  means  of  tubes.    Irrigation  is  to  be  avoided  on 
account  of  the  risk  of  disseminating  the  infection  by 
way  of  the  bronchi. 

Operation  for  Tumours  and  Cysts  of  the  Lung.— In  the 
treatment  of  hydatid  cysts  which  have  become  adherent 
to  the  thoracic  wall,  it  is  only  necessary  to  resect  a  portion 
of  rib  and  incise  and  pack  the  cavity,  or  if  possible 

remove  the  cyst. 

In  the  case  of  a  malignant  tumour,  the  growth  has  to 
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be  excised  and  the  healthy  lung  tissue  sutured  to  the 
edges  of  the  wound  to  prevent  its  collapse. 

Operation  for  Pulmonary  Phthisis. — In  cases  of  uni- 
lateral apical  phthisis,  attempts  have  been  made  to  favour 
collapse  of  the  affected  portion  of  the  lung  by  resecting 
portions  of  several  of  the  upper  ribs. 

Friedrich  recommends  the  making  of  a  large  U-shaped 
musculo-cutaneous  flap  from  the  side  of  the  chest,  re- 
section of  the  upper  five  or  six  ribs  with  the  periosteum 
covering  their  outer  aspects  but  leaving  the  retro-costal 
layer  of  periosteum,  and  replacement  of  the  flap.  Free- 
man has  found  that  the  falling  in  of  the  chest  wall  is 
hastened  and  increased  by  the  application  of  a  spiral  truss 
so  adapted  as  to  exert  pressure  on  the  upper  part  of  the 
front  of  the  chest  after  resection  of  portions,  two  or  three 
inches  long,  of  the  second,  third,  and  fourth  ribs  below 
the  clavicle  with  division  of  the  cartilage  of  the  first  rib, 
as  advised  by  Macewen. 

Operation  for  Emphysema. — To  diminish  the  size  of 
the  thoracic  cavity  and  to  restore  the  mobility  of  its 
walls,  Freund  (1859)  recommended  resection  of  portions 
of  the  upper  ribs  and  costal  cartilages.  A  curved 
incision,  with  its  convexity  towards  the  sternum,  is  made, 
exposing  the  cartilages  from  the  second  to  the  sixth 
inclusive.  From  two  to  three  inches  of  bone  and 
cartilage  are  excised  from  each  rib,  the  periosteum  being 
also  removed  or  destroyed  to  prevent  re-formation. 

Transpleural  Operations.— It  is  convenient  to  describe 
here  the  procedure  followed  when  it  is  necessary  to  open 
an  abscess  or  hydatid  cyst  in  the  upper  part  of  the  liver 
or  a  subphrenic  abscess  by  traversing  the  pleural  cavity. 

The  position  of  the  lesion  having  been  determined 
by  the  use  of  an  exploring  needle,  an  incision  is 
made  in  the  line  of  the  seventh  or  eighth  interspace, 
with  its  centre  approximately  in  the  mid-axillary  line, 
dividing   the   skin  and   subcutaneous   fascia,  and  the 
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underlying  fibres  of  the  latissimus  dorsi,  external  oblique, 
and  serratus  magnus  muscles  (Fig.  153).      The  edges 


Periosteum  of  rib 


\  Diapliragin 
Peritoueum  opened  exposing  liver 


Fig.  153.— Exiiosuve  of  Liver  by  Transpleural  Route. 

of  the  wound  are  retracted  so  as  to  expose  the  two 
adjacent  ribs,  and  a  portion  of  each,  about  3  inches  long, 
is  excised  subperiosteally,  care  being  taken  not  to  injure 
the  pleura  in  so  doing.    To  prevent  the  entrance  of  an-, 
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blood,  or  pus  into  the  pleural  cavity  during  the  sub- 
sequent steps  of  the  operation,  the  portion  of  the  pleural 
space  to  be  traversed  is  shut  off  from  the  rest  by  intro- 
ducing, with  a  large,  curved,  round  needle,  a  continuous 
circular  suture  so  as  to  approximate  the  costal  to  the 
diaphragmatic  pleura.  The  stitches  are  passed  through 
the  intercostal  muscles  as  well  as  through  both  layers  of 
the  pleura,  and  at  each  end  of  the  divided  ribs  through 
the  periosteum  also.  The  costal  layer  of  the  pleura  is 
then  incised  sufficiently  freely  to  expose  the  diaphrag- 
matic layer,  which  is  recognised  by  its  bluish,  glisteniug 
appearance.  This,  together  with  the  diaphragm,  is  in- 
cised, and  if  the  underlying  peritoneum  is  not  adherent  to 
the  liver,  a  continuous  circular  suture  is  introduced  to  unite 
the  parietal  with  the  visceral  layer  of  the  peritoneum. 
This  suture  is  seldom  required,  as  the  liver  is  usually 
adherent  to  the  under  surface  of  the  diaphragm.  The 
abscess  cavity,  or  cyst,  is  then  incised,  emptied,  and  drained. 

OPERATIONS  ON  THE  HEART  AND 
PERICARDIUM 

Puncture  and  Drainage  of  the  Pericardium. — When 
filled  with  fluid,  the  pericardium  usually  distends  outwards 
and  to  the  left,  hence  the  point  at  which  it  should  be 
punctured  is  in  the  mammillary  line  in  the  fifth  or 
sixth  intercostal  space  (Curschmann). 

When  the  fluid  is  purulent,  a  portion  of  the  fifth  rib 
should  be  resected  (Gussenbauer). 

Exposure  and  Suture  of  the  Heart  (Fig.  154). — An 
incision  is  made  from  the  middle  of  the  sternum  out- 
wards along  the  line  of  the  sixth  costal  cartilage,  dividing 
the  skm  and  fasciae  and  the  attachment  of  the  rectus 
abdominis  to  the  cartilage.  The  fibres  of  the  pectoralis 
major  are  then  divided  and  held  aside,  and  next  the 
intercostal  muscles  attached  respectively  to  the  upper 
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and  lower  borders  of  the  cartilage.  The  perichondrium 
is  separated  all  round  and  the  cartilage  excised. 

The  internal  mammary  vessels  are  seen  running 
obliquely  across  the  space  near  to  the  edge  of  the 
sternum,  and  are  seized  and  divided  between  forceps  and 

Perioardiuin 

Internal  mammary  vessels  I        Intercostal  muscle  covered 
Triangularis  sterni     |       |        by  intercostal  aponeurosis 
>        I      ■  I 


Fig.  154.— Exposure  of  Pericardium. 


ligated.  Underneath  them,  the  triangularis  sterni  fibres 
are  seen,  and  are  hooked  aside  along  with  a  layer  of  fat 
which  indicates  the  position  of  the  reflection  of  the  pleura. 
The  pleura  is  held  aside,  care  being  taken  not  to  open  it, 
and  the  pericardium  exposed. 

If  the  heart  is  seriously  embarrassed  by  blood  effused 
into  the  pericardial  space,  it  may  be  relieved  by  incision 
of  the  pericardium  and  removal  of  clots. 
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To  gain  freer  access  to  the  pericardium  and  to  admit 
of  a  wound  in  the  heart  itself  being  dealt  with,  the 
incision  is  now  extended  upwards  along  the  middle  of 
the  sternum  as  far  as  the  fourth  or  third  costal  carti- 
lage, and  from  the  upper  end  of  this  wound  an  incision 
is  carried  transversely  outwards  dividing  the  fibres  of 
the  pectoralis  major  and  exposing  the  underlying  rib. 
The  intercostal  muscle  is  separated  from  the  upper  border 
of  the  rib  exposed.  The  costal  cartilages  are  then  divided 
from  below  upwards  close  to  the  sternum,  care  being 
taken  that  the  subjacent  pleura  is  held  well  aside.  After 
all  the  cartilages  have  been  divided,  the  whole  flap  is 
folded  out,  and  the  cartilages  in  its  base  are  broken  at 
their  junction  with  the  ribs. 

The  whole  pericardium  is  thus  exposed,  and  can  be 
opened  as  freely  as  is  necessary.  The  wound  in  the 
heart  is  closed  with  interrupted  sutures  of  ilne  silk  or 
catgut,  care  being  taken  not  to  enter  the  cavity,  lest 
oozing  take  place  along  the  tracks  of  the  stitches. 

All  clots  having  been  removed  from  the  pericardial 
space,  the  pericardium  is  sutured  and  the  external  wound 
closed  and  drained. 

Cardiolysis. — This  operation  is  designed  to  relieve  the 
heart  from  the  effects  of  extensive  pericardial  adhesions. 
The  heart  is  exposed  in  the  manner  above  described,  and 
the  adhesions  dealt  with.  Owing  to  the  risk  of  damagr- 
ing  the  heart  wall  in  separating  the  adhesions,  Brauer 
recommends  that  the  thoracic  wall  be  mobilised  in  front 
of  the  heart.  The  pericardium  is  exposed,  by  reflecting 
a  flap  of  skin  and  muscle,  resecting  portions  of  several 
ribs  and  the  adjacent  part  of  the  sternum,  including  the 
posterior  layer  of  its  periosteum.  The  musculo-cutaneous 
flap  is  then  replaced  and  sutured  in  position. 
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SURGERY  OF  THE  ABDOMEN  AND  PELVIS 

Abdominal  Incisions:  Median ;  Lateral.  Attitude  of  Patient. 
Protection  of  Peritoneum.  Use  of  Clamps.  Closure  of 
Abdominal  Wounds.  Technique  :  Sutures — Lembert  Suture ; 
Gzerny-Lembcrt  Suture;  Mattress  Sutiire;  Purse-string  Suture. 
Anastomosis  between  Viscera:  Lateral  Ajiastonwsis ; 
Termino-lateral  Anastomosis  or  End-to-side  Junction;  Invagina- 
tion Method. 

ABDOMINAL  INCISIONS 

Abdominal  incisions  made  for  purposes  of  exploratioR  or 
to  expose  centrally  placed  viscera,  such  as  the  pylorus, 
are  generally  made  in  or  near  the  middle  line.  To  reach 
viscera  situated  to  one  side  of  the  middle  line,  such  as 
the  ceecum,  the  gall  bladder,  or  the  spleen,  lateral  mcisions 
are  employed.  Freer  access  may  sometimes  be  obtained 
from  the  combination  of  a  median  with  a  lateral  incision. 
Median  Incisions. — Incisions  made  in  the  middle  line, 
or  close  to  it,  have  the  great  advantage  that  they  do  not 
divide  any  of  the  motor  nerves  supplying  the  abdominal 
muscles.  Above  the  umbilicus  (Fig.  155,  a),  the  median 
incision  divides  skin,  fat,  and  the  dense  aponeurosis  of  the 
linea  alba;  below  the  umbilicus  (Fig.  155,  after  the 
aponeurosis  has  been  divided,  tlie  recti  muscles  are  usually 
seen  in  close  contact,  and  must  be  separated  by  blunt 
dissection.  The  transversalis  fascia  is  not  always  recog- 
nisable as  a  separate  layer.  The  extra-peritoneal  fat 
and  peritoneum  are  next  pinched  up  with  the  aid  of  two 
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catch  forceps  and  carefully  incised  between  them  until 
the  peritoneal  cavity  is  opened  ;  two  fingers  of  the  left 
hand  may  now  be  inserted  in  order  to  protect  the  viscera, 
while  the  peritoneum  and  fat  are  divided  throughout  the 
whole  length  of  the  wound. 


Fig.  155. — Abdominal  Incisions. 


When  a  median  vertical  incision  must  be  prolonged 
so  as  to  encroach  on  the  umbilicus,  either  this  structure 
should  be  excised  or  the  incision  should  be  carried  round 
one  side  of  it. 

Incisions  close  to  the  Middle  Line.— When  the  incision 
is  made  over  one  or  other  rectus  muscle  (Fig.  155,  c),  the 
anterior  layer  of  the  sheath  is  divided  vertically,  and  the 
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muscle  is  displaced  bodily  outwards  and  retained  in  that 
position  by  a  retractor ;  the  posterior  layer  of  the  sheath, 
the  fat  and  parietal  peritoneum,  are  then  divided  in  the 
line  of  the  original  incision.  In  closing  the  wound  after 
the  posterior  layer  of  the  sheath  has  been  sutured,  the 


Fig.  156. — Abdominal  Incisions. 


rectus  is  allowed  to  slip  back  into  its  original  position  and 
is  retained  there  by  one  or  two  points  of  suture. 

Lateral  Incisions. — Lateral  incisions  should  run  parallel 
with  the  lines  of  the  nerves  supplying  the  muscles  of  the 
abdominal  wall.  They  are  necessarily,  therefore,  oblique 
or  horizontal.  After  the  skin  and  superficial  fascia  have 
been  divided,  the  exposed  portion  of  the  external  oblique, 
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whether  muscular  or  aponeurotic,  is  split  in  the  line  of 
its  fibres,  that  is,  in  a  direction  downwards  and  inwards, 
and  the  edges  are  held  aside  with  retractors.  The 
internal  obhque,  which  is  now  exposed,  is  split  in  the 
line  of  its  fibres,  almost  horizontally  inwards,  and,  its 
•  edges  being  retracted,  the  transversalis  muscle  is  exposed 
and  is  similarly  dealt  with.  The  method  of  opening 
the  abdomen  by  separation  between  the  fibres  of  the 
respective  muscles  was  devised  by  M'Burney,  and  is  often 
called  the  "  gridiron  method."  The  peritoneal  cavity  is 
opened  with  the  same  precautions  as  before,  and  the 
parietal  peritoneum  is  slit  up  the  whole  length  of  the 
wound. 

When  a  lateral  incision  requires  to  be  prolonged  over 
the  costal  margin,  the  cartilage  concerned  may  be  cut 
across  in  the  line  of  the  incision,  provided  care  is  taken 
not  to  injure  the  parietal  pleura.  If  a  lateral  incision 
alone  does  not  give  sufficient  access,  it  may  be  prolonged 
horizontally  inwards  across  the  rectus  as  far  as  the  middle 
line,  dividing  both  the  sheath  and  the  muscle  itself ;  this 
entails  no  interference  with  the  innervation  of  the  muscle, 
as  its  different  segments  are  innervated  separately  and 
horizontally.  Above  the  level  of  the  umbilicus,  the  ter- 
minal fibres  of  the  tranversalis  muscle  run  horizontally 
inwards  behind  the  rectus. 

Long  incisions  at  the  outer  border  of  the  rectus — that 
is,  in  the  semilunar  line — have  the  disadvantage  that 
they  entail  the  risk  of  interfering  with  the  innervation 
of  the  muscle. 

The  combination  of  a  lateral  oblique  incision  with  a 
median  vertical  one,  forming  a  flap  as  shown  in  Fig.  156,  a, 
is  another  means  of  obtaining  more  extensive  access 
without  damaging  the  nerve  supply  to  the  muscles. 

In  the  lower  part  of  the  abdomen,  when  the  operation 
is  directed  towards  the  internal  abdominal  ring,  the 
vermiform  appendix,  the  uterus,  or  the  urinary  bladder, 
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the  skin  incision  may  be  made  in  the  inter-spinous  fold, 
that  is,  a  natural  fold  which  is  frequently  seen  running 
between  the  two  anterior  superior  iliac  spines  (Lanz). 

Attitude  o£  Patient. — In  most  abdominal  operations 
the  horizontal  dorsal  position,  or  one  in  which  the  trunk 
inclines  slightly  downwards  towards  the  head,  suffices, 
but  in  certain  operations,  and  especially  in  those  within 
the  pelvis,  the  Trendelenburg  position,  in  which  the 
patient  lies  on  the  back  on  a  plane  inclined  about  45°, 
with  the  pelvis  raised  and  the  feet  and  legs  hanging 
over  the  end  of  the  table,  affords  better  access,  as  the 
intestines  are  displaced  by  gravity  towards  the  diaphragm. 
By  placing  a  firm  sand-bag  or  a  specially  constructed 
cushion  under  the  lower  ribs  or  in  the  hollow  of  the 
back,  such  organs  as  the  liver  and  gall  bladder  or  the 
*  kidneys  may  be  projected  forward  and  rendered  more 
accessible. 

Protection  o£  the  Peritoneum— In  all  operations  in  which 
the  stomach  or  intestine  or  other  hollow  viscus  has  to  be 
opened,  it  is  of  great  importance  to  prevent  the  contents 
from  soiling  the  peritoneum  or  the  abdominal  wound. 
The  risk  from  leakage  is  greatly  minimised  if  the  viscus 
can  be  completely  withdrawn  from  the  abdommal  cavity. 
This  having  been  done,  it  is  packed  round  with  large 
pads  of  gauze  wrung  out  of  hot  saline  solution.  To 
prevent  the  risk  of  such  pads  being  left  in  the  abdomen, 
a  piece  of  broad  tape,  six  inches  long,  is  firmly  stitched 
to  each,  and  after  the  pads  have  been  placed  in  position, 
the  tape  is  secured  with  artery  forceps.    The  packing 
should  be  done  systematically,  and  it  is  an  advantage  to 
employ  two  tiers  of  swabs.    "  Those  first  introduced  are 
of  large  size,  are  well  packed  into  position,  and  com- 
pletely surround  the  field  of  operation.     They  remam 
unchanged  throughout.    On  the  top  of  this  outer  barrier 
of  large  swabs  a  layer  of  smaller  ones  is  placed.  These 
are  changed  one  by  one  as  soon  as  soiled  "  (Moynihan). 
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The  Use  of  Intestinal  Clamps. — Two  kinds-  of  clamp 
are  used  in  gastro-intestinal  surgery  :  (1)  crushing  damps 
or  enterotribes,  which  are  designed  to  compress  the  tissue 
within  the  grasp  of  the  blades  so  that  it  is  reduced  to  a 
thin  band  which  can  easily  be  secured  by  a  ligature  before 
being  buried  by  superimposed  rows  of  sutures  (Fig.  168). 
This  form  of  clamp  is  particularly  useful  in  such 
operations  as  gastrectomy  and  enterectomy,  in  which  the 
divided  ends  of  the  gut  are  to  be  completely  occluded,  and 
the  continuity  of  the  intestinal  tract  re-established  by 
lateral  anastomosis.  (2)  Occluding  or  retention  clamps  are 
intended  to  compress  the  bowel,  to  control  the  bleeding 
from  its  wall  when  it  is  divided,  and  to  prevent  the  escape 
of  its  contents.  The  practice  of  different  surgeons  varies 
widely  with  regard  to  the  use  of  occluding  clamps ;  some 
employ  them  in  nearly  all  operations  on  the  gastro- 
intestinal tract,  others  dispense  with  their  use  as  far  as 
possible,  relying  on  the  hands  of  a  skilled  assistant. 

Closure  of  Abdominal  Wounds. — To  obtain  a  scar  which 
will  not  afterwards  stretch  and  favour  the  development 
of  a  hernia,  it  is  not  only  essential  to  plan  the  incision 
so  that  the  nerves  and  muscles  of  the  abdominal  wall 
are  preserved  in  their  functions,  but  to  stitch  the  different 
layers  separately  with  suture  material  which  will  not 
become  absorbed  before  firm  union  has  taken  place. 
Before  these  sutures  are  introduced,  however,  deep  stitches 
of  silkworm  gut  are  passed  through  the  whole  thickness 
of  the  wall  with  the  aid  of  long,  straight,  bayonet-pointed 
needles  (Fig.  157),  but  are  not  tightened  and  tied  until 
all  the  other  stitching  is  completed.  To  ensure  that 
these  deep  stitches  shall  be  inserted  symmetrically  and 
at  regular  intervals,  their  position  should  be  indicated 
by  scratching  the  skin  with  a  needle  across  the  track  of 
the  proposed  incision  before  it  is  made.  As  through-and- 
through  sutures,  if  tied  tightly,  tend  to  cut  the  skin,  it 
is  advisable  to  surrouud  them  with  rubber  tubing,  or  to 
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Fig.  157.— Closure  of  Wound  in  Middle  Line  above  Umbilien.s. 

tie  them  over  a  roll  of  gauze;  we  prefer  to  tie  them 

loosely.  J 
The  first  suture,  which  unites  the  peritoneum  and 
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fascia  transversalis,  is  introduced  with  a  round  needle 
carrying  stout  catgut,  the  loose  ends  of  which  are 
grasped  with  catch  forceps ;  it  is  preferably  continuous, 
and  if,  as  sometimes  happens,  these  structures  tend  to 
tear,  the  posterior  lamella  of  the  sheath  of  the  rectus 
should  be  included.  As  the  posterior  lamella  of  the 
sheath  is  absent  below  the  fold  of  Douglas,  at  this  level 
some  of  the  substance  of  the  rectus  muscle  should  be 
included.  To  facilitate  the  insertion  of  the  first  tier  of 
sutures,  the  edges  of  the  parietal  peritoneum  are  seized 
with  forceps  and  pulled  away  from  the  abdominal  contents. 
Should  the  viscera  tend  to  protrude,  they  are  retained  by 
a  thick  layer  of  moist  gauze,  stiffened  up  by  an  interven- 
ing layer  of  rubber.  We  have  found  a  large  broad  dinner- 
spoon  useful  in  protecting  the  viscera  while  suturing  the 
peritoneum.  The  next  series  of  sutures  includes  the 
muscles  and  aponeurosis ;  a  sharp-edged  needle  is  usually 
employed,  with  a  double  strand  of  thick  catgut ;  each 
divided  muscle  or  aponeurosis  is  sutured  separately, 
and  if  a  continuous  suture  is  employed  there  is  a 
considerable  saving  of  time. 

It  is  more  important  to  suture  accurately  an  apo- 
neurosis, such  as  the  sheath  of  the  rectus,  than  the 
muscle.  In  the  case  of  the  external  oblique  aponeurosis, 
if  it  is  unduly  lax,  its  edges  should  be  made  to  overlap, 
thus  gi^'ing  a  broader  surface  for  union.  It  is  advis- 
able to  suture  the  superficial  fascia,  as  this  tends 
to  prevent  the  subsequent  stretching  of  the  cutaneous 
scar.  When  the  use  of  a  drainage  tube  is  called  for, 
it  is  preferable,  although  not  always  convenient,  to  have 
it  emerge  through  a  separate  opening  in  the  abdominal 
wall.  To  retain  the  dressings  and  afford  support,  a 
many-tailed  bandage  is  better  than  a  roller  bandage, 
because  it  can  be  undone  without  lifting  the  patient; 
it  is  prevented  from  being  displaced  by  bringing  the 
two  lowest  ends  of  the  bandage  round  the  root  of  each 
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lower  limb,  and  the  two  highest  over  the  shoulders 
like  braces.  Sorae  prefer  to  hold  the  dressings  in  place 
by  long  strips  of  adhesive  plaster. 


TECHNIQUE  OF  ABDOMINAL  SURGERY 

Sutures. — The  technique  of  suturing  the  stomach  and 
intestine  must  be  thoroughly  mastered,  and,  as  suggested 
by  Binnie,  the  manipulations  may  be  conveniently 
practised  on  the  fresh  intestine  of  the  pig.  Fine  round 
needles,  curved  or  straight,  are  employed,  and  the  pomt 
must  be  very  sharp,  so  that  it  easily  transfixes  the  wall 
of  the  viscus. 

The  best  suture  material  to  employ  is  the  finest  catgut 
or  silk.  Some  surgeons  prefer  linen  thread.  The  stitches 
must  be  inserted  with  a  light,  steady  hand,  avoiding 
visible  blood  vessels. 

To  prevent  leakage  of  the  contents  and  obscuring  of 
the  parts  by  bleeding,  it  is  a  common  practice  to  control 
hollow  viscera,  such  as  the  stomach  or  intestine,  with 
suitable  clamp  forceps,  the  blades  of  which  are  surrounded 
by  rubber  tubing. 

The  Lembert  Suture. — For  the  union  of  divided  parts 
of  the  stomach  and  intestine,  the  suture  introduced  by 
Lembert  in  1826  still  retains  its  premier  position. 
Its  success  is  due  to  the  fact  that  when  irritated  surfaces 
of  the  peritoneum  are  brought  into  contact,  they  become 
gummed  together  by  lymph  exudate  and  are  united  to 
one  another  by  connective  tissue  more  rapidly  than  any 
of  the  other  elements. 

About  a  quarter  of  an  inch  from  the  edge  of  the 
wound  the  needle  pierces  the  serosa,  the  muscularis,  and 
part  of  the  subraucosa,  and,  without  entering  the  lumen 
of  the  bowel,  emerges  again  through  the  serosa  close  to 
the  edge  of  the  wound  ;  on  the  opposite  side  it  enters 
close  to  the  edge  of  the  wound  and  emerges  a  quarter 
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of  an  inch  farther  away  (Fig.  158).  The  mucous  mem- 
brane is  not  touched,  but  when  the  stitch  is  tightened  and 
the  knot  tied  (Fig.  159)  the  mucous  membrane  disappears, 
into  the  lumen  of  the  bowel.  The 


being  invaginated 


Serosa 

Muscularis 

Mucosa 


Fig.  158.  —Diagram  of  Lembert's  Suture  being  introduced. 


interrupted  form  of  the  Lembert  suture  is  seldom 
employed,  as  the  bowel  can  be  closed  with  greater  rapidity 
and  equal  security  by  the  continuous  form. 

The  Czerny-Levibert  Suture. — Save  that  it  does  not 
control  bleeding  from  the  mucous  and  submucous  coats, 
the  continuous  Lembert  suture  would  suffice  for  every 


Serosa 

Muscularis 

Mucosa 


Fig.  159.— Diagram  of  Lembert's  Suture  completed. 


purpose.  It  is  necessary,  therefore,  to  introduce  two  rows 
or  tiers  of  sutures  :  an  inner,  continuous,  blood-controlling 
suture,  passing  through  the  mucous  membrane  only  or 
through  all  the  coats— the  Czerny  addition — and  an 
outer  Lembert  invaginating  suture  (Fig.  160). 

The  Mattress  Suture,  as  described  by  Halsted,  is 
intended  to  approximate  the  serous  coats ;  it  consists  of 
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Fig.  160. — Diagram  of  Czerny-Lerabert  Suture. 

two  parallel  Lembert  stitches  connected  on  one  side  of 
the  wound  by  a  loop,  leaving  the  two  ends  free  on  the 


Fi(i.  161.— Purse-sti-ing  Sutiu-e  inti-oduced. 


opposite  side ;  when  these  ends  are  tied,  the  peritoneal 
surfaces  are  drawn  together  very  accurately. 

The  Purse-string  Suture  is  made  by  carrying  a  con- 
tinuous Lembert  suture  circularly  round  an  area  of  bowel, 
for  example,  the  stump  of  the  appendix,  a  perforation, 
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or  the  divided  end  of  a  coil  of  intestine,  so  that,  when  it 
is  tightened,  the  enclosed  area  is  puckered  in,  and  the 
serous  surfaces  brought  into  apposition  (Fig.  161). 

Numerous  modifications  of  these  sutures  have  been 
adopted  for  special  purposes,  and  many  complicated 
methods  of  stitching  have  been  devised,  but  these  are 
seldom  called  for  and  have  no  advantage  over  the 
simpler  forms. 

Anastomosis  between  Viscera. — In  the  course  of 
operative  procedures  on  the  gastro- intestinal  canal,  it 
is  frequently  necessary  to  form  an  artificial  junction 
between  two  viscera  or  between  two  parts  of  the  same 
viscus,  or  to  re-establish  the  continuity  of  the  tube.  The 
methods  of  establishing  such  anastomoses  vary  according 
to  circumstances. 

Lateral  Anastomosis. — The  term  "  lateral  anastomosis  " 
is  employed  when  a  side-to-side  junction  is  made  between 
two  segments  of  the  alimentary  canal.  This  method  has 
to  a  large  extent  superseded  "  end-to-end  "  suture  in  re- 
establishing the  continuity  of  divided  bowel.  It  is  more 
easily  and  rapidly  performed,  the  line  of  suturing  can  be 
more  certainly  rendered  water-tight,  and  it  admits  of  a 
larger  opening  of  communication  being  made  with  less 
risk  of  subsequent  cicatricial  narrowing.  It  is  widely 
applicable,  and  is  the  method  of  choice  for  establishing  a 
communication  between  different  segments  of  the  canal, 
for  example,  between  two  pouches  of  the  stomach  in 
hour-glass  contraction  of  that  organ- — gastro-gastrostomy ; 
between  a  coil  of  intestine  above  an  obstruction  and  one 
below — entero-anastomosis ;  between  the  small  and  large 
intestine — ileo-colostoviy,  and  between  two  parts  of  the 
colon — colo-colostoviy. 

Each  of  the  two  segments  to  be  united  is  secured  in 
a  separate  clamp  or  between  the  blades  of  a  treble-bladed 
clamp,  such  as  Eoosevelt's,  as  shown  in  Fig.  162;  or 
they  may  be  held  in  apposition  by  an  assistant,  who 
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firmly  grasps  the  bowel  so  as  to  prevent  escape  of  its 
contents. 

The  approximated  peritoneal  surfaces  are  united  Vjy 
means  of  a  continuous  stitch  known  as  the  "posterior 
serous  suture."  The  viscera  on  each  side  of  the  suture 
line  are  then  opened  with  a  narrow- bladed  knife  and 
the  incision  is  enlarged  if  necessary  with  scissors,  or  the 
serous  and  muscular  coats  may  be  divided  with  the  knife 
and  the  mucous  and  submucous  coats  with  the  cautery. 


stouiacli    Mucosa         Posterior  serous  suture 


Jejuuum  Mucosa 
Fig.  162.— Lateral  Anastomosis  between  Stomach  and  Intestine 
(Gastro-enterostomy).    1st  stage. 


It  is  sometimes  an  advantage  to  divide  first  only  the 
serous  and  muscular  coats  and  to  introduce  a  second 
row  of  sutures  uniting  them  before  dividing  the  sub- 
mucous and  mucous  coats.  Any  visceral  contents  are 
mopped  up  with  small  pieces  of  gauze  held  in  forceps. 
A  continuous  suture  is  then  passed  through  all  the  coats 
of  both  loops,  beginning  at  one  end  on  the  posterior 
surface,  and  when  the  other  end  is  reached,  the  same 
suture  is  carried  along  the  anterior  surface  to  the  starting- 
point  (Figs.  162  and  163).  In  this  way  the  lumen  of 
the  bowel  is  closed. 
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To  prevent  eversion  of  the  mucous  membrane  along  the 
anterior  surface,  the  needle  may  with  advantage  be  used 
so  that  it  always  passes  from  within  outwards  (Fig.  165). 

•  Through-and-through  Beginning  of  through- 

suture  turning  corner    Stomach    and-through  suture 


I 


Posterior  serous  Jejunum  Beginning  of 

suture  left  on  needle  serous  suture 

Fig.  16-3. — Lateral  Anastomosis.    Further  stage. 


Stomach    Anterior  serous  suture 


Jejunum  I    Beginning  of  serous 

I    suture  left  for  tying 
Tied  end  of  through-and-through  suture 

Fig.  164. — Lateral  Anastomosis  almost  completed. 

The  viscera  are  now  cleaned  with  gauze  wrung  out 
of  saline  solution  and  the  clamps  removed ;  if  there  is 
bleeding  at  any  point,  an  additional  suture  is  inserted. 
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Fig.  165.— Anastomosis  between  stomach  and  intestine.  Through-and- 
through  suture  being  introduced  from  witliin  outwards  to  prevent 
eversion  of  mucosa. 

The  procedure  is  then  completed  by  approximatmg  the 
peritoneal  surfaces  along  the  front  by  a  continuous 
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Lembert  suture — ■"  anterior  serous  suture."  If  there  is  a 
free  edge  of  omentum  or  mesentery  available,  it  may  be 
fixed  over  the  line  of  suture  to  give  additional  security. 

When  the  junction  must  be  effected  rapidly,  or  when 
the  bowel  cannot  be  brought  out  at  the  wound  for 
purposes  of  suture,  for  example  in  uniting  two  loops  of 
bowel  in  the  lower  part  of  the  pelvis,  one  or  other  of 
the  mechanical  aids  to  anastomosis  may  be  employed. 
Of  these  there  is  a  considerable  variety.    It  is  here 


Fig.  166. — Lateral  Anastomosis  between  two'Coils  of  Small  Intestine 
Avitli  the  aid  of  a  Murphy  Button. 

sufficient  to  describe  the  method  of  using  the  metal 
button  devised  by  J.  B.  Murphy.  This  apparatus  con- 
sists of  two  separable  button -shaped  segments  from  the 
centre  of  each  of  which  projects  a  round  metal  tube, 
and  is  so  constructed  that  these  tubes  fit  into  one 
another.  "When  the  two  halves  are  pressed  together,  a 
spring  in  the  one  with  the  smaller  tube — the  "male 
segment  " — causes  them  to  become  locked. 

In  employing  Murphy's  button,  the  central  tube  of 
each  half  is  grasped  with  a  Kocher's  artery  forceps  as 
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shown  in  Fig.  166,  or  plugged  with  a  cork  on  a  suitable 
handle,  and  laid  to  one  side  till  the  other  segment  is 
prepared. 

The  loops  of  bowel  that  are  to  be  united  are  brought 
out  at  the  wound,  emptied  and  clamped,  and  the  sur- 
rounding parts  packed  off  with  gauze.    A  purse-string 
suture  of  fairly  stout  silk  or  catgut  is  inserted  into  the 
gut  through  all  the  coats  opposite  the  attachment  of 
the  mesentery.    A  longitudinal  opening  is  then  made  in 
the  bowel  with  a  knife  or  scissors,  just  large  enough  to 
admit  the  button.     To  avoid  the  risk  of  cutting  the 
purse-string  suture,  its  looped  end  should  be  left  long, 
and  both  the  open  and  the  looped  ends  are  pulled  upon 
by  the  assistant.     It  is  often  preferable  to  make  the 
opening  at  right  angles  to  the  long  axis  of  the  gut. 
Into  each  of  the  openings  thus  made,  one  half  of  the 
button  is  inserted  as  far  as  the  flange,  the  purse-string 
suture  is  pulled  tight  and  securely  knotted  round  the 
central  tube  which  projects  beyond  the  suture.  The 
forceps,  or  cork   plugs,  are  then  removed,  and  each 
segment  of  bowel  containing  its  own  half  of  the  button 
is  grasped  with  the  fingers  to  prevent  the  button  dropping 
into  the  lumen,  and  the  projecting  central  tubes  are 
pushed  into  one  another  and  pressed  together  until  they 
become  securely  locked.    In  this  way  the  peritoneal 
surfaces  of  the  two  segments  of  bowel  are  brought  into 
close  apposition.    If  the  co-aptation  is  not  completely 
satisfactory,  one  or  two  additional  sutures  may  be  intro- 
duced.    The  serous  surfaces  soon  unite,  and  in  the 
course  of  eight  or  ten  days  the  button  becomes  loose  and 
is  passed  per  anum.    Sometimes  it  remains  longer  in 
position. 

Tennino  -  Lateral    Anastomosis    or    "  End-to-Side ' 
Junction— Termino-lateral  anastomosis  consists  in  im- 
planting the  proximal  end  of  a  coil  of  intestine  which 
has  been  cut  across  into  the  lateral  aspect  of  a  lower 
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coil.  The  lower  end  of  the  divided  segment  is  closed, 
with  the  result  that  the  length  of  bowel  between  it 
and  the  new  junction  is  completely  excluded.  Such 
an  operation  is  performed  for  colitis  and  dysentery,  the 
ileum  being  implanted  into  the  pelvic  colon,  to  prevent 
the  contents  of  the  small  intestine  from  passing  into  the 
diseased  segment. 

The  abdomen  is  opened  in  the  middle  line  below  the 


Fig.  167.— End-to-side  Anastomosis  by  Suture. 
Ileo-sigmoidostomy ;  the  cut  end  of  the  ileum  is  beinjc  anastomosed 
with  the  pelvic  colon. 

umbilicus,  and  the  lower  end  of  the  ileum  identified.  A 
coil  from  a  foot  to  a  foot  and  a  half  above  the  ileo-ctecal 
valve  is  selected,  so  as  to  obtam  gut  with  a  mesentery 
of  sufficient  length.  The  loop  having  been  clamped  at 
its  base,  the  gut  is  crushed  in  the  enterotribe,  divided 
(Fig.  168),  and  the  lower  end  ligated  and  invaginated 
with  a  purse-string  suture.  The  sigmoid  portion  of  the 
pelvic  colon  is  now  searched  for  and  identified  by  tracing 
It  mto  the  hollow  of  the  sacrum.  The  lowest  part  that 
18  capable  of  being  brought  out  at  the  wound  is  clamped 
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(6)  Closure  of  the  Bowel  by  Ligation  subsequent  to  Crushing, 
and  an  incision  made  in  the  longitudinal  band  opposite 
the  mesentery.    The  upper  end  of  the  ileum  still  secured 
in  its  clamp  is  now  approximated  to  the  opemug  m  the 
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colon,  and  the  junction  is  effected  by  the  usual  two 
tiers  of  suture,  or  with  the  aid  of  a  Murphy  button : 
so  near  the  rectum,  there  need  be  no  hesitation  in 
employing  a  button  for  such  an  anastomosis.  C.  L. 
Gibson  advocates  end-to-end  junction  by  a  method  of 
invagination  (Figs.  1  96,  197,  and  198). 


CHAPTER  XXVIII 


OPERATIONS  ON  THE  VERMIFORM  APPENDIX 

Eemoval  op  Appendix  :  Interval  Operation;  removal  during  Attack 
of  Appendicitis  ;  when  Abscess  hus formed.  Appendicostomy 

REMOVAL  OF  THE  APPENDIX 

The  Interval  Operation.— The  removal  of  the  appendix 
between  attacks— the  "  interval  operation  "—was  intro- 
duced by  Treves  in  1887.  It  is  now  more  frequently 
practised  than  any  other  abdominal  operation. 

/ncmoTis.- Numerous  incisions  have  been  recommended 
to  expose  the  appendix  in  the  quiescent  state,  and  the 
choice  between  them  is  largely  a  matter  of  personal 

preference.  .,  ,     t,  e 

The  plan  suggested  by  M'Burney  and  by  Roux,  of 
separating  the  different  muscles  in  the  direction  of  their 
fibres— the  so-called  gridm  method— admits  of  the 
appendix  being  removed  through  a  comparatively  small 
wound  but  it  has  the  drawback  that  the  opening  cannot 
conveniently  be  enlarged  if  the  access  is  found  to  be 

insufficient.  . 

The  centre  of  the  skin  incision  falls  m  the  hue  between 
the  anterior  superior  iliac  spine  and  the  umbilicus, 
and  is  roughly  about  two  inches  distant  from  the  spine 
(Yicr  169  &)  The  aponeurosis  of  the  external  oblique  is 
splft  in  the  direction  of  its  fibres  and  held  aside,  and 
then  the  internal  oblique  and  transversalis  are  similarly 
dealt  with.  The  fascia  transversalis  and  peritoneum  are 
next  picked  up  and  incised. 
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The  incision  throtigh  the  sheath  of  the  rectus  (Fig.  169,  a), 
sometimes  attributed  to  Battle,  is  made  parallel  with 
the  linea  semilunaris  a  little  internal  to  the  outer 
border  of  the  rectus ;  the  aponeurosis  of  the  external 
oblique  and  the  anterior  layer  of  the  sheath  of  the 
rectus  are  divided  in  the  line  of  the  skin  incision,  and 


Fig.  169.  — Incisions  for  Exposure  of  A''ermiform  Appendix. 

(a)  Incision  through  Sheath  of  Rectus. 
(6)  Incision  of  M'Burney  and  Eoux. 
(c)  Lanz'  Incision. 


the  outer  border  of  the  rectus  muscle  is  defined  and 
pulled  inwards.  The  transversalis  fascia  and  peritoneum 
are  divided  in  the  same  hue,  and  in  opening  the  peritoneal 
cavity,  and  especially  in  enlarging  it  downwards  if  this 
is  required,  care  must  be  taken  not  to  injure  the  deep 
epigastric  vessels. 

A  third  metliod,  suggested  by  Lanz  of  Amsterdam, 
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consists  in  making  the  incision  in  the  interspinous  fold 
running  inwards  and  slightly  downwards  from  the  anterior 
superior  spine  (Fig.  169,  c)  ;  the  muscles  are  separated  as 
in  the  gridiron  method  of  M'Burney. 

The  abdomen  having  been  opened,  the  Ccecum  is 


Fig.  170.— Normal  CfECum  and  Appendix  (after  Kelly). 


sought  for  and  pulled  out  at  the  wound,  and  its  anterior 
longitudinal  band  is  traced  downwards  until  the  root  of 
the  appendix  is  reached.  In  some  cases  the  appendix 
presents  at  the  wound ;  in  others  it  is  not  to  be  found  in 
its  usual  relationship  with  the  ctecum,  and  has  to  be 
sought  for  in  one  or  other  of  the  pevi-ciccal  fossiB,  from 
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which  it  may  be  difficult  to  remove  it.  Not  iufrequently 
it  is  embedded  in  the  posterior  wall  of  the  ascending 
colon,  or  buried  in  adhesions  which  bind  it  to  the  ovary, 


Division  of  mesentery  Internal  oblique    External  oblique 

of  appendix  and  transversalis  aponeurosis 

muscles  split 

Fig.  171.— Removal  of  the  Vermiforiu  Appendix,  1st  stage. 


the  bladder,  or  the  wall  of  the  pelvis.  When  the  parts 
are  buried  iu  adhesions,  the  general  peritoneal  cavity 
must  be  packed  off  with  gauze  before  proceeding  to 
separate  it,  in  case  a  focus  of  infection  is  opened  up.  If 
the  omentum  is  adherent  over  the  appendix  it  should  not 
be  stripped  off,  but  should  be  clamped,  divided,  and 
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ligated  at  a  little  distance  from  the  appendix.  In 
separating  dense  adhesions  to  other  structures,  which  are 
perhaps  unrecognisable  at  the  moment,  the  adhesions 
should  be  stripped  off  the  appendix  by  gauze  pressure. 
Whatever  its  position  and  however  complicated  the 
adhesions,  the  appendix  must  be  followed  out  until  its 
tip  is  reached ;  otherwise  there  can  be  no  guarantee  of 
freedom  from  trouble  in  the  future.    In  difficult  cases 
we  have  often  followed  the  plan  adopted  many  years  ago 
by  Annandale,  of  first  dividing  the  appendix  near  its 
junction  with  the  caecum,  and  then  proceeding  to  shell 
at  out  from  the  surrounding  adhesions. 
^-  iln  the  average  case  the  csecum  and  appendix  are 
'easily  brought  out  at  the  wound ;   the   appendix  is 
seized  at  its  tip,  to  put  the  mesentery  and  the  artery 
running  along  its  free  border  on  the  stretch.  The 
mesentery  is  clamped  so  as  to  secure  the  artery,  or  a 
-rounded  needle  threaded  with  catgut  is  passed  beneath 
the  artery,  so  that  when  the  ligature  is  tied  there  is  no 
1  danger  of  its  slipping.    The  mesentery  is  then  divided 
(Fig.  171). 

-A  smaller  artery  close  to  the  base  of  the  appendix 
may  also  require  to  be  secured  in  the  same  manner.  A 
crushing  clamp  is  then  applied  to  the  base  of  the  ap- 
pendix, and  when  it  is  removed  after  a  few  seconds 
there  is  left  only  a  thin  tube  of  the  serous  coat,  which 
is  ligated  with  catgut  (Fig.  172)  and  divided  just  beyond 
the  ligature.  To  prevent  leakage  of  the  contents  before 
cutting  off  the  appendix,  its  proximal  end  is  seized  with 
artery  forceps. 

The  ligated  root  of  the  appendix,  after  being  touched 
with  pure  carbolic  acid,  is  invaginated  and  buried  by  a 
purse-string  or  other  suture  of  fine  silk  or  celluloid  thread. 
One  or  two  points  of  Lembert  suture  may  be  iusei'ted  to 
make  the  sealing  over  still  more  secure.  The  meso- 
appendix  is  then  inspected  to  see  that  all  bleeding  has 
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been  arrested,  and  the  csecum  is  restored  to  its  proper 
place.  In  the  female,  the  uterus  and  its  appendages 
should  be  examined  before  the  abdomen  is  closed.  The 


Appendix  crushed  and  ligated 


'  I         I  I 

Piirse-striug  suture         |  I    Internal  oblique  and  trans- 

External  oblique  aponeurosis     |   versalis  muscles  split 
Mesentery  of  appendix  clamped 

Fig.  172.— Removal  of  the  Vermiform  Appendix,  2nd  stage. 


wound  is  closed  in  tiers  without  drainage.  A  continuous 
suture  of  fine  catgut  should  unite  the  edges  of  the 
superficial  fascia,  otherwise  the  scar  is  apt  to  broaden 
later. 

Removal  of  the  Appendix  during  an  Attack  of 
Appendicitis. — In  operations  performed  within  twenty- 
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four  hours  of  the  onset  of  the  attack,  the  procedure  is 
the  same  as  in  the  interval  operation.  The  incision 
through  the  sheath  of  the  rectus  is  to  be  preferred,  as  it 
gives  freer  access.  If  there  is  an  exudate,  drainage  may- 
have  to  be  provided  for,  a  glass  tube  being  pushed  down 
to  the  bottom  of  the  pouch  of  Douglas,  v^here  the  exudate 
usually  accumulates.  The  base  of  the  appendix  is 
secured  by  a  catgut  ligature  and  invaginated  by  a  purse- 
string  suture. 

In  operations  performed  from  the  second  to  the  fifth 
day,  preference  should  again  be  given  to  the  incision 
through  the  sheath  of  the  rectus.  The  operation  must 
be  as  simple  and  short  as  possible,  as  the  patient  is 
usually  the  subject  of  general  toxaemia  or  diffuse 
peritoneal  infection.  The  appendix  is  identified  and 
removed,  and  the  stump  buried  in  the  usual  way,  but  if 
the  wall  of  the  caecum  is  friable,  a  catgut  ligature  passed 
round  the  base  of  the  appendix  may  be  sufficient.  Suit- 
able drains  are  inserted,  one  to  the  root  of  the  appendix 
and  one  to  the  bottom  of  the  pouch  of  Douglas. 

In  the  female,  if  there  is  extensive  pelvic  peritonitis, 
a  tube  may  be  brought  out  through  the  posterior  fornix 
of  the  vagina. 

If  there  is  great  distension  of  the  bowels,  the  recovery 
of  the  patient  may  be  greatly  promoted  by  one  or  more 
enterostomies  performed  by  Witzel's  method. 

The  abdominal  wound  is  closed  except  where  the 
tubes  emerge,  or  the  peritoneum  and  transversahs  fascia 
are  alone  stitched,  and  the  rest  of  the  wound  packed 
with  moist  gauze.  In  either  case  the  wound  is  dressed 
with  large  hot  compresses,  frequently  changed,  to  promote 
the  escape  of  the  peritoneal  exudate.  For  the  first  few 
days  the  patient  is  kept  in  the  Fowler  position. 

The  Operation  for  Abscess  following  Appendicitis.— 
The  circumstances  under  which  the  operation  is  per- 
formed will  to  a  large  extent  determine  whether  the 
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surgeon  is  to  restrict  himself  to  opening  and  draining 
the  abscess  and  leaving  the  removal  of  the  appendix  to 
a  later  date,  or  whether  he  is  at  the  same  time  to  remove 
the  appendix.  In  the  latter  case,  the  abdomen  is 
opened  to  the  mesial  side  of  the  abscess,  the  limits  of 
which  are  determined,  and  the  surrounding  parts  are 


Peritoneum 


Fig.  173. — Appendicostomy,  1st  stage. 

packed  off  with  gauze.  The  adhesions  forming  the  wall 
of  the  abscess  are  gently  separated  until  the  pus  appears, 
and  this  is  mopped  up  as  it  escapes.  Care  is  taken  to 
remove  any  concretion  that  may  have  escaped  from  the 
appendix,  and  to  change  any  packing  that  may  have 
been  soiled.  The  appendix  is  then  traced  from  the 
cfficum  and  removed  in  the  usual  way.  Drainage  having 
been  provided  for,  the  rest  of  the  wound  is  closed. 

Appendicostomy.— The  utilisation  of  the  appendix  for 
the  purpose  of  irrigating  the  large  bowel  in  cases  of 
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colitis  was  first  practised  by  Weir  of  New  York.  It  may 
be  employed  for  tbe  same  purpose  in  dysentery,  and 
as  part  of  the  treatment  for  intestinal  obstruction.  The 
operation  proceeds  on  the  same  lines  as  for  removal 
of  the  appendix,  and  M'Burney's  incision  and  gridiron 
method  are  usually  pi-eferred.  The  appendix  is  brought 
out  at  the  wound  until  its  root  is  on  a  level  with  the 


Fig.  174. — Appendicostomy,  2nd  stage. 

parietal  peritoneum,  to  which  it  is  anchored  by  a  fine 
silk  suture  (Fig.  173).  The  tip  is  cut  off  and  a  probe 
is  passed  down  into  the  csecum  to  make  sure  that  the 
lumen  of  the  appendix  is  patent.  A  rubber  catheter, 
about  a  No.  6  of  the  English  scale,  is  passed  and  fixed 
in  position,  as  shown  in  Fig.  174.  It  is  usually  necessary 
to  wear  the  tube  constantly,  but  when  possible,  it  is  only 
inserted  night  and  morning  when  the  irrigation  is  being 
carried  out. 
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When  the  appendicostomy  opening  is  no  longer 
required,  the  root  of  the  appendix  is  exposed  by  dis- 
section, ligated  with  catgut,  and  cut  away.  We  have 
usually  done  this  under  local  anaesthesia. 

If  the  appendix  has  previously  been  removed  or  is 
found  to  be  unsuitable  for  irrigation  purposes,  a  fistulous 
opening  is  made  in  the  cascum  after  the  manner  employed 
in  Senn's  gastrostomy  (p.  412).  This,  however,  is  more 
likely  to  give  trouble  from  occasional  slight  leakage  of 
faecal  matter. 
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OPERATIONS  ON  THE  STOMACH 

To     EXPOSE    THE     StOMACH     FOR     PURPOSES    OP  EXPLORATION. 

Gastrotomy.  Gastrostomy.  Gastro-Enterostomy  :  Posterior 
(von  Hacker) ;  the  Boux  operation  hy  ^-method ;  Anterior. 
Pyloroplasty.  Gastroplasty.  Gastro-anastomosis.  Gastro- 
ddodenostomy.  Kesection  op  the  Stomach  for  Cancer  : 
Resection  of  Pyloric  Portion  hy  Billroth's  second  method  ;  Resection 
hy  Kocher's  method  ;  Resection  of  Entire  Stomach.  Eesection  of 
THE  Stomach  for  Ulcer. 

To  expose  the  Stomach  for  Purposes  of  Exploration. — 

To  expose  the  stomach  for  purposes  of  exploration,  the 
incision  is  made  in  or  near  the  middle  line  above  the 
umbilicus.  When  the  peritoneal  cavity  is  opened,  the 
first  viscus  to  appear  is  either  the  pyloric  portion  of 
stomach  or  the  transverse  colon  with  or  without  the 
great  omentum.  Above,  there  may  be  seen  the  lower 
edge  of  the  left  lobe  of  the  liver.  The  view  may  be 
obscured  to  some  extent  by  the  falciform  ligament 
of  the  liver,  which  sometimes  contains  a  considerable 
amount  of  fat.  The  pyloric  ring  is  identified  as  a 
slight  annular  constriction  with  a  prominent  vein  run- 
ning vertically  under  the  sei'osa. 

The  pyloric  portion  of  the  stomach  is  drawn  out  at 
the  wound  and  is  inspected  and  palpated.  It  is  drawn 
towards  the  right  side  to  show  up  the  lesser  curvature, 
and  then  in  the  opposite  direction  to  facilitate  access  to 
the  duodenum.  The  hand  is  now  passed  up  underneath 
the  ribs  and  left  lobe  of  the  liver,  to  palpate  the  fundus 
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and  cardia.  The  posterior  wall  of  the  stomach,  which 
alone  remains  to  be  examined,  is  reached  by  way  of  the 
lesser  peritoneal  sac.  The  stomach  and  transverse  colon 
are  pulled  out  and  turned  upwards  on  the  epigastrium, 
and  the  deep  surface  of  the  transverse  meso-colon  is 
exposed.  To  open  into  the  lesser  sac,  a  portion  of  the 
meso-colon  devoid  of  large  blood  vessels  is  selected,  and 
a  vertical  sHt  made  in  it  (Fig.  177).  Through  this 
opening  successive  portions  of  the  posterior  wall  can  be 
brought  out  and  examined,  unless  the  lesser  sac  has  been 
obliterated  by  adhesions. 

When  the  exploration  has  been  completed,  the  rent  in 
the  meso-colon  is  closed  by  catching  the  edges  in  forceps 
and  tying  ligatures  round  them. 

Gastrotomy. — The  object  of  this  operation  is  to  open 
the  stomach  for  purposes  of  investigation  or  for  the 
removal  of  a  foreign  body.  The  part  of  the  stomach  to 
be  opened,  usually  the  pyloric  portion,  is  brought  out  at 
the  wound  and  packed  off  with  moist  gauze.  A  fold  of 
the  anterior  wall  of  the  stomach  midway  between  the 
curvatures  is  picked  up  with  forceps  and  transfixed  with 
a  narrow-bladed  knife ;  the  edges  of  the  opening  are 
then  seized  with  toothed  forceps  and  the  opening  is 
enlarged  with  scissors  to  the  desired  extent,  any  vessels 
that  bleed  being  secured  as  they  are  cut. 

To  remove  a  foreign  body  of  limited  size,  such  as  a 
tOoth-plate,  or  to  dilate  the  pylorus,  the  opening  is  made 
at  right  angles  to  the  long  axis  of  the  stomach,  parallel 
with  the  larger  blood  vessels.  For  the  removal  of  a 
large  foreign  body,  for  example,  a  hair  ball,  or  of  a  body 
impacted  in  the  lower  end  of  the  oesophagus  or  in  the 
duodenum,  to  expose  and  secm-e  a  bleeding  vessel,  or 
to  distinguish  between  a  chronic  ulcer  and  cancer,  the 
opening  must  be  much  larger  and  should  be  made  in 
the  long  axis  of  the  stomach,  dividing  the  larger  blood 
vessels  in  the  submucous  coat. 
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When  the  object  of  the  operation  has  been  attained 
the  opening  is  closed  by  the  usual  two  tiers  of  sutures, 
the  packs  of  gauze  are  removed,  and  the  wound  in  the 
abdominal  wall  closed. 

Gastrostomy. — This  operation  is  performed  when  the 
gullet  is  obstructed,  in  order  that  nourishment  may  be 
introduced  directly  into  the  stomach.  It  is  essential 
that  the  fistulous  opening  should  be  made  valvular,  so 
that  neither  food  materials  nor  gastric  secretion  shall 
escape  from  it.  Of  the  numerous  methods  recommended 
for  making  a  valvular  fistula,  we  have  found  those  of 
Senn,  and  of  Witzel  as  modified  by  Kader,  the  most 
generally  satisfactory. 

The  first  stage — that  of  bringing  the  stomach  out  at  the 
roound — is  the  same  in  both.  The  incision  is  made 
vertically  through  the  upper  half  of  the  left  rectus.  As 
the  stomach  is  empty  and  contracted  as  a  result  of  pro- 
longed starvation,  it  does  not  as  a  rule  present  at  the 
wound,  and  must  be  sought  for  beneath  the  left  lobe  of 
the  liver.  Generally  the  omentum  first  comes  into 
view,  and  if  it  is  pulled  upon,  the  transverse  colon  and 
then  the  stomach  can  be  brought  within  reach.  The 
stomach  is  identified  by  its  comparatively  thick  smooth 
wall,  and  by  the  distribution  of  the  blood  vessels  pro- 
ceeding from  the  greater  curvature.  If  there  is  stiU 
doubt,  the  viscus  may  be  traced  with  the  fingers  to  the 
under  surface  of  the  diaphragm,  and  in  doing  this  it  is 
sometimes  possible  to  feel  the  growth  when  it  is  situated 
at  the  lower  end  of  the  gullet. 

The  stomach  is  pulled  out  at  the  wound,  and  an  area 
selected  on  the  anterior  wall  in  which  the  fistula  is  to 
be  made,  and  the  portion  withdrawn  packed  off  in  the 
usual  way.  In  the  contracted  state  of  the  viscus,  the 
opening  will  be  on  that  portion  which  borders  on  the 
pyloric  antrum. 

In  forming  the  fistula  after  the  method  of  Senn,  an 


GASTROSTOMY 


413 


opening  is  made  in  the  stomach  just  large  enough  to 
admit  a  rubber  tube  about  the  size  of  a  No.  10  English 


Rectus  muscle  split 
Anterior  sheath  of  rectus  |  Posterior  sheath  of  rectus  and  peritoneum 


Stomach       Second  purse-string  suture 
Fig.  175. — Gastrostomy  by  Senn's  Method. 

catheter;  the  tube  is  about  two  feet  long  and  should 
have  both  a  terminal  and  a  lateral  opening.  The  tube  is 
pushed  into  the  stomach  for  a  couple  of  inclies  or  so 
towards  the  pylorus,  and  secured  to  the  edge  of  the  open- 


414 


OPERATIONS  ON  THE  STOMACH 


ing  by  means  of  a  catgut  stitch  passed  through  its  wall 
and  through  all  the  coats  of  the  stomach.  About  half 
an  inch  away  from  the  opening  a  purse-string  suture  is 
inserted,  and  while  this  is  being  tightened  up  and  tied 
the  opening  and  tube  are  invaginated  into  the  interior 
of  the  stomach  (Fig.  175).  A.  second  purse-string 
suture  serves  to  invaginate  them  still  further,  and  even 
a  third  may  be  used.  The  thread  used  for  the  last 
suture  is  carried  through  the  edge  of  the  parietal  peri- 
toneum and  the  sheath  of  the  rectus  in  order  to  fix  the 
stomach  to  the  abdominal  wall.  To  anchor  the  tube 
more  securely,  we  employ  a  silver  ring  which  grasps  it 
tightly  flush  with  the  skin,  and  is  provided  with  eyes 
through  which  tapes  are  passed,  and  these  are  tied  round 
the  body. 

The  free  end  of  the  tube  is  brought  out  through  the 
dressing,  and  before  the  patient  leaves  the  table,  a 
quantity  of  warm  milk,  with  white  of  egg,  beef  tea,  and 
whisky  is  introduced  into  the  stomach  by  means  of  a 
glass  funnel.  After  the  funnel  is  withdrawn  the  tube 
is  plugged  with  a  wooden  spigot  and  secured  to  the 
dressing  by  means  of  a  safety-pin. 

In  the  method  of  Witzel  as  modified  hy  Kader,  a  rubber 
tube  is  introduced  into  the  stomach  and  secured  by  a 
catgut  stitch  as  in  Senn's  operation,  and  then  a  vertical 
fold  of  the  stomach  is  raised  up  on  each  side  of  the  tube 
by  a  series  of  interrupted  Lembert  stitches,  forming  a 
tunnel  two  or  three  inches  in  length;  a  second  fold 
may  be  taken  up,  and  finally  the  stomach  is  anchored 
to  the  parietal  peritoneum. 

Gastro-enterostomy. — This  operation,  which  consists 
in  making  an  anastomosis  between  the  stomach  and  the 
small  intestine,  was  introduced  by  Wolfler  with  the 
object  of  providing  a  new  outlet  from  the  stomach  when 
the  pylorus  is  narrowed  by  scar  tissue  or  blocked  by  a 
new  growth.    Its  sphere  of  usefulness  has  been  greatly 
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extended,  and  it  is  now  widely  employed  as  a  therapeutic 
measure  in  chronic  ulcer  of  the  stomach  or  duodenum. 

The  jejunum  may  be  anastomosed  to  the  anterior 
wall  of  the  stomach — anterior  gastro-enterostomy,- — or 
to  the  posterior  wall — posterior  gastro-enterostomy.  The 
posterior  operation  is  now  almost  universally  preferred. 

In  planning  the  operation  it  is  important  to  provide 
for  a  large  opening  not  less  than  three  or  four  inches 
in  its  long  axis,  to  en- 
sure that  it  will  not 
undergo  cicatricial 
contraction  to  such 
an  extent  as  to  lose 
its  function  as  an 
outlet  for  the  con- 
tents. 

When  the  stomach 
is  greatly  dilated 
from  pyloric  stenosis, 
the  maximum  size  of 
opening  should  be 
made,  to  allow  for 
the  contraction  that 
will  ensue  as  the 
stomach  regains  its 
normal  dimensions. 

Care  must  be  taken  also  to  arrange  the  loop  of 
bowel  employed  in  such  a  way  that  the  contents  of-  the 
stomach  will  not  tend  to  enter  the  afferent  loop  and  so 
pass  back  along  the  duodenum  and  through  the  pylorus 
into  the  stomach  in  a  "  vicious  circle."  Improvements 
in  technique  effected  by  von  Hacker,  Mayo,  Kocher, 
Moynihan  and  others  have  rendered  the  establishment  of 
a  vicious  circle  extremely  rare. 

Posterior  Gastro-enterostomy  (von  Hacker). — The  ab- 
domen is  opened  in  or  near  the  middle  line  above  the 


Fig.  176. — Diagram  of  Posterior  Gastro- 
enterostomy. 
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Posterior  wall  of  stoniacli 
Transverse  colon     |  Opening  in  transverse  nieso-colon 
I  :  I   


Peritoneal  fold      Commencement  of  jejunum 


YiQ,  177.— Opening  in  Transverse  Meso-colon  made  to  expose 
posterior  aspect  of  stomach. 

umbilicus.  Before  proceeding  to  make  the  anastomosis, 
the  whole  stomach,  the  duodenum,  the  gall-bladder, 
the  head  of  the  pancreas,  and  the  appendix  should  be 
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systematically  examined,  the  whole  hand  being  intro- 
duced into  the  abdomen  for  this  purpose. 

The  omentum  and  transverse  colon  are  then  with- 
drawn and  turned  upwards  over  the  epigastrium,  and 
are  held  in  this  position  by  the  assistant  so  that  the 
meso-colon  is  rendered  taut.  At  a  bloodless  spot  with- 
in the  arch  of  the  mid-colic  vessels,  the  meso-colon  is 
caught  with  forceps,  pulled  away  from  the  posterior 
wall  of  the  stomach,  and  divided  by  a  snip  with  the 
scissors  alongside  the  forceps.  The  opening  is  then  en- 
larged without  damaging  any  of  the  blood  vessels  until 
fi'ee  access  is  obtained  to  the  lesser  sac  and  to  the 
posterior  wall  of  the  stomach,  which  is  protruded 
through  the  opening  by  the  fingers  of  the  assistant.  A 
sufficient  amount  of  the  stomach  is  pulled  out  through 
the  opening,  and  in  the  further  manipulations  the 
beginner  must  remember  that  the  great  curvature  is 
now  directed  upwards  and  the  lesser  downwards.  The 
lowest  part  of  the  greater  curvature,  usually  the  antrum 
pylori,  is  selected  for  the  anastomosis,  and,  to  give  better 
access  to  the  most  dependent  portion,  many  surgeons 
follow  Kocher  in  detaching  the  gastro-colic  omentum 
from  the  stomach  for  a  distance  of  about  three  inches, 
and  dividing  and  tying  the  gastro-epiploic  vessels. 

The  liighest  loop  of  the  jejunum  is  then  found  by 
passing  the  fingers  of  the  right  hand  backwards  beneath 
the  meso-colon,  immediately  to  the  left  of  the  spine  and 
just  below  the  pancreas.  Its  identification  is  made 
certain  by  recognising  that  it  is  fixed  at  its  upper  end. 

The  highest  part  of  the  jejunum  is  brought  into 
contact  with  the  selected  portion  of  stomach,  and  an 
anastomosis  is  made  between  them  with  or  without  the 
aid  of  clamps  (p.  .391). 

The  advantage  of  clamps  is  that  bleeding  and  the 
escape  of  contents  are  prevented  and  the  area  of  opera- 
tion therefore  remains  clean.    They  have  the  drawback, 
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however,  that  it  is  impossible  to  introduce  the  fingers  to 
explore  the  interior  of  the  stomach,  and  when  this  is  a 
matter  of  importance  they  should  not  be  used,  or  the 
clamp  on  the  stomach  may  be  temporarily  removed. 

The  opening  in  the  jejunum  is  made  in  its  long  axis, 
and  that  in  the  stomach  may  also  be  made  in  the  same 
direction.  Certain  advantages,  however,  accrue  from 
making  the  incision  in  the  stomach  at  right  angles  to 
the  greater  curvature.  Mayo  lays  stress  on  the  advan- 
tage of  turning  the  loop  of  the  jejunum  employed  in 
the  anastomosis  towards  the  left. 

The  anastomosis  having  been  completed  in  the  way 
described  (p.  391),  the  edges  of  the  opening  in  the 
meso-colon  are  brought  over  the  junction  and  fixed  to 
the  jejunum  with  three  or  four  points  of  suture  to  avoid 
the  risk  of  coils  of  intestine  making  their  way  into  the 
lesser  sac  and  becoming  strangulated  (Moynihan). 

The  exposed  viscera  are  now  washed  with  saline 
solution,  the  packing  removed,  and  the  viscera  retui-ned 
to  the  abdominal  cavity.  It  will  usually  be  observed 
that  the  parts  fall  into  their  natural  position,  and  that 
the  anastomosed  loop  of  jejunum  leads  directly  down- 
wards and  so  affords  a  ready  escape  for  the  contents  of 
the  stomach. 

Closure  of  the  Pylorus. — In  atonic  stomachs,  in  which 
the  pylorus  is  quite  patent,  the  results  of  a  gastro- 
enterostomy are  better  if  the  pylorus  is  closed  with 
a  purse-string  suture. 

In  the  Boux  operation — gastro-enterostomy  by  the  Y- 
method — the  jejunum  is  cut  across  about  six  inches  from 
its  origin,  the  open  end  of  the  distal  segment  implanted 
in  the  posterior  aspect  of  the  stomach  by  end-to-side 
anastomosis,  and  the  open  end  of  the  proximal  segment 
anastomosed  end-to-side  to  the  lower  segment  two  or 
three  inches  from  its  junction  with  the  stomach 
(Fig.  178). 
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The  object  of  this  procedure  is  to  ensure  that  the 
gastric  contents  will  pass  into  the  distal  loop  of  intestine 
and  thus  prevent  a  vicious  circle.  It  is  not  to  be  em- 
ployed in  the  treatment  of  gastric  ulcer,  because  it  pre- 
vents the  alkaline  intestinal  secretions  passing  back 
into  the  stomach  and  neutralising  the  hyper-acid  gastric 
contents,  a  factor  which  plays  an  important  part  in  the 
healing  of  a  chronic  ulcer. 


Anterior 
enterostomy. 


Gastro- 
—  The 


same  mcision  is 
made  as  for  the 
posterior  operation. 
After  the  parts  have 
been  examined,  the 
upper  end  of  the 
jejunum  is  pulled 
out  at  the  wound, 
and  is  traced  down- 
wards for  eighteen 
or  twenty  inches. 
At  this  point  the 
loop  is  brought  in 
front  of  the  omen- 
tum and  transverse 
colon  and  anasto- 
mosed with  the  py- 
loric portion  of  the 

stomach.  The  anastomosis  is  described  as  iso-peristaltic, 
that  is  to  say  the  direction  of  the  peristalsis  is  the  same 
in  both  viscera.  To  avoid  obstructive  kinking  of  the 
jejunum,  the  intestine  should  be  united  to  the  stomach 
by  sutures  over  a  greater  extent  than  is  required  for 
the  opening.  To  prevent  the  establishment  of  a  vicious 
circle,  Braun's  plan  of  making  an  anastomosis — entero- 
anastomosis — between  the   two  limbs  of  the  loop  of 


Fig.  178. — Diagram  of  gastro-enterostomy  by 
the  Y-method  of  Roux. 


420      OPERATIONS  ON  THE  STOMACH 

jejunum  united  to  the  stomach  should  be  followed;  a 
small  opening  is  sufficient,  and  it  should  be  made  about 


Fifi.  179.— Anterior  Gastro-enterostomy  with  Entero- 
anastomosis  (Braun). 

two  inches  or  so  below  the  communication  with  the 
stomach  (Fig.  179). 

Pyloroplasty.— This  operation  was  devised  by  Hemecke 
and  Mikulicz  for  the  purpose  of  widening  a  narrowed 
pylorus.  A  horizontal  incision  is  made  in  the  long  axis 
of  the  gut,  beginning  in  the  anterior  wall  of  the  stomach 
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about  an  inch  from  the  pylorus  and  passing  for  about 
an  inch  on  to  the  duodenum ;  the  edges  of  the  wound 
are  retracted  upwards  and  downwards  by  means  of 
hooks  until  the  longitudinal  wound  is  converted  into  a 
vertical  one,  and  in  this  position  it  is  closed  with  the 
usual  two  tiers  of  sutures.  For  additional  security  a 
convenient  edge  of  omentum  should  be  stitched  over  the 
line  of  suture. 

The  operation  is  rarely  practised  for  cicatricial  sten- 
osis because  of  the  objection  to  stitching  scar  tissue,  but 
it  is  a  useful  method  of  closing  the  pylorus  after  it  has 
been  opened  up  by  longitudinal  incision  for  inspection  of 
its  mucous  membrane  or  for  the  removal  of  an  impacted 
foreign  body,  and  in  dealing  with  a  perforated  ulcer  in 
the  immediate  vicinity  of  the  pylorus.  Under  these  con- 
ditions, by  making  the  suture  line  at  right  angles  to  the 
long  axis  of  the  pylorus,  the  risk  of  subsequent  contrac- 
tion of  the  opening  is  diminished. 

Gastroplasty. — This  operation  is  performed  to  remedy 
an  hour-glass  contraction  of  the  stomach,  by  widening 
the  communication  between  the  two  pouches  or  compart- 
ments, and  is  carried  out  on  the  same  principle  as  pyloro- 
plasty. 

Gastro-anastomosis. — This  operation  is  also  performed 
in  hour-glass  contraction  of  the  stomach,  and  consists  in 
making  a  lateral  anastomosis  between  the  most  de- 
pendent parts  of  the  two  compartments.  The  steps  are 
similar  to  those  of  gastro-enterostomy. 

Gastro-duodenostomy.— This  is  an  extension  of  the 
pyloroplasty  of  Mikulicz  and  Heinecke,  and  provides  a 
very  wide  opening  at  the  pylorus.  In  the  treatment  of 
gastric  and  duodenal  ulcer  we  think  that  the  ordinary 
gastro-enterostomy  is  to  be  preferred,  as  it  causes  an 
alteration  in  the  chemical  conditions  of  the  stomach 
which  is  wanting  in  gastro-duodenostomy. 

Resection  of  the  Stomach  for  Cancer.— This  operation 
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is  intimately  associated  with  the  Viennese  school  of 
surgery,  as  it  was  first  successfully  performed  by  Bill- 
roth, and  has  subsequently  been  modified  and  improved 
by  his  pupils.  Two  of  the  methods  of  resecting  the 
pyloric  end  of  the  stomach  are  associated  with  Billroth's 
name.  His  original  or  first  method  consists  in  removing 
the  diseased  segment  and  then  uniting  the  cut  end  of  the 
duodenum  to  the  cut  end  of  the  stomach  (Fig.  180). 
Owing  to  the  disparity  in  size  between  the  two  divided 

ends,  and  the  difficulty 
of  effecting  a  secure 
junction  between 
them,  this  method  is 
not  often  employed. 

The  second  method 
(Billroth  II.)  con- 
sists, after  resection, 
in  closing  both  the 
stomach  and  the  duo- 
denum and  restoring 
the  continuity  of  the 
tract  by  means  of 
a  gastro- enterostomy 
(Fig.  182).  Kocher's 
name  is  associated 
with  a  method  in  which  the  stomach  is  closed  and  the 
duodenum  inserted  into  a  fresh  opening  in  the  posterior 
wall  of  the  stomach  (Fig.  187). 

The  Arteries  concerned  in  Resection  of  the  Stomach 
(Fig.  181). — Along  the  greater  curvature  run  the  gastro- 
epiploic vessels,  the  left  derived  from  the  splenic,  the  right 
from  the  hepatic  through  the  gastro-duodenal ;  the  latter 
gives  off  also  near  the  pylorus  the  superior  pancreatico- 
duodenal, which  always  requires  to  be  secured  before  or 
after  cutting  across  the  duodenum.  At  the  lesser  curva- 
ture are  the  coronary  arteries ;  the  right,  often  called  the 


Fig.  180.— Diagram  of  Method  of  joining 
Duodenum  to  Stomach  after  resection 
of  Pylorus  by  Billroth's  first  Method. 


RESECTION  OF  STOMACH  423 


pyloric,  being  derived  from  the  hepatic,  and  the  left 
from  the  cceliac  axis.  All  four  arteries  give  numerous 
branches  to  the  anterior  and  posterior  walls  of  the 
viscus,  and  are  accompanied  by  the  corresponding  veins, 
which  ultimately  open  into  the  portal  vein. 

The  lymjjli  vessels  that  run  towards  the  lesser  curva- 
ture, and  the  glands  into  which  they  drain,  are  the 


Coronary 


Aorta 

Coeliac  axis  J 
Hepatic      v  i 


Splenic  i   . . 

■  I  W 


^^ancreatico-     ^'^^^  gastro-epiploic 


duodenal 


Fie.  181.— Blood  Vessels  of  Stomach. 


earliest  infected,  and  it  is  important  to  remember  that 
the  extent  of  their  infection  is  usually  decidedly  beyond 
the  edge  of  the  primary  tumour.  In  order,  therefore, 
to  prevent  local  recurrence  from  this  source  it  is  neces- 
sary to  resect  the  stomach  and  the  lesser  omentum 
containing  these  glands  as  far  along  the  lesser  curvature 
as  the  point  of  abutment  of  the  coronary  artery. 
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Infection  of  the  lymphatics  along  the  greater  cur- 
vature occurs  later,  and  is  usually  limited  to  the  im- 
mediate vicinity  of  the  pylorus. 

Resection  of  the  Pyloric  Portion  of  the  Stomach  by 
Billroth's  Second  Method. — This  operation  is  the  one  now 
most  frequently  practised.  The  abdomen  is  opened  in 
or  near  the  middle  line,  and  the  parts  are  explored  to 

confirm  the  diag- 
nosis and  to  de- 
termine the  extent 
of  the  disease  in 
the  stomach  itself, 
in  the  lymphatics, 
and  in  the  neigh- 
bouring organs. 

Gastro  -  enteros- 
tomy. —  If    it  is 
deemed  advisable 
to  undertake  re- 
section, we  have 
found    it  advan- 
tageous to  estab- 
lish the  communi- 
ng. 182.-Diagi-am  of  condition  obtaining     ^^^^-^^  between  the 
after  resection  of  Pylorus  by  Billroth  s     .  .  j 
second  Method,  with  Entero-anastomosis.     jejunum    and  the 

healthy  portion  of 

the  stomach  before  proceeding  to  the  resection.  If 
possible  a  posterior  gastro- enterostomy  is  performed,  and 
the  intestine  must  be  connected  with  the  stomach  as 
far  as  possible  from  the  margin  of  the  growth. 
There  is  not  the  same  necessity  as  in  other  affections 
of  the  stomach  that  the  opening  should  be  at  the 
most  dependent  portion  nor  that  it  should  be  a  large 
one,  as,  being  the  only  outlet  when  the  resection  is  com- 
pleted, it  is  sure  to  functionate.  We  have  also  found  it 
advisable  to  make  an  entero-anastomosis  between  the 
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two  limbs  of  the  loop  of  jejunum  employed  foi^  the 
junction  with  the  stomach,  as  this  prevents  the  accumula- 
tion of  contents  in  the  blind  end  of  the  duodenum  and 
so  diminishes  the  risk  of  leakage,  which  is  the  chief 
source  of  danger  in  this  operation  (Fig.  182). 


Fig.  183.— Eesection  of  Pyloric  Portion  of  Stomach,  after  Illustration  by 

"W.  J.  Mayo. 

Separation  of  Omenta. — The  second  stage  of  the  opera- 
tion—the resection  of  the  diseased  segment  of  the 
stomach — is  then  proceeded  with.  The  affected  portion 
of  stomach  is  drawn  out  at  the  wound  and  the  surround- 
ing parts  packed  off  with  gauze  pads  in  the  usual  way. 
The  lesser  omentum  is  then  separated  from  the  stomach 
piece  by  piece  between  artery  forceps  or  double  ligatures, 
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keeping  as  far  away  from  the  stomach  as  possible,  to  be 
beyond  the  lymphatics  that  have  been  exposed  to  infec- 
tion. On  the  right  side,  the  separation  proceeds  as  far 
as  the  middle  of  the  first  portion  of  the  duodenum,  and  on 
the  left  as  high  as  the  abutment  of  the  coronary  artery. 


Coronary  artery  tied 


Pancreas 


lamp  on 
duodenum 


O 

Fig.  184.— Resection  of  Pyloric  Portion  of  Stomach  by  the  Method 

Billroth  II. 


(Looked  at  from  right  side  of  patient.) 

The  gastro-colic  omentum  is  separated  from  the  greater 
curvature  in  the  same  manner,  but  it  is  not  necessary  to 
keep  so  wide  of  the  stomach  as  in  separating  the  lesser 
omentum.  The  gastro-epiploic  artery  is  divided  between 
ligatures  at  the  left  end  of  the  separated  portion,  and 
the  pancreatico-duodenal  at  the  right  end. 

It  is  important  to  deal  with  the  omenta  in  this  order, 
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as  by  separating  the  gastro-hepatic  omentiim  first,  there 
is  less  risk  while  dividing  the  gastro-colic  omentum  of 
woimding  the  middle  colic  artery,  on  which  the  nutrition 
of  the  transverse  colon  depends. 

Section  and  Closure  of  Stomach. — The  portion  of  stomach 
to  be  removed  is  now  free  from  all  its  attachments,  and 
gauze  can  be  packed  behind  it.  The  line  of  section 
having  been  decided  upon,  a  long  powerful  gastrectomy 
clamp,  such  as  Kocher's,  is  applied  fully  one  inch,  if  possible 
two  inches,  on  the  cardiac  side  of  the  palpable  edge  of  the 
tumour,  and  nearer  the  pylorus  a  similar  clamp  is  applied 
to  prevent  the  escape  of  contents  from  the  segment  of 
stomach  containing  the  growth.    The  stomach  is  then 


Fig.  185. — Closure  of  Cardiac  End  of  Stomach. 


divided  between  the  clamps,  the  exposed  mucous  mem- 
brane wiped  with  small  gauze  swabs  on  holders,  and  the 
distal  end  securely  wrapped  in  moist  gauze  and  folded 
towards  the  right  side.  To  prevent  the  stomach  slipping 
from  the  proximal  clamp  the  cut  edge  should  be  seized  in 
three  or  four  places  with  catch  forceps.  A  mattress  suture 
is  then  inserted  on  the  cardiac  side  of  the  clamp,  and 
continuous  through-and-through  sutures  at  the  cut  edge 
(Fig.  185);  as  the  latter  is  intended  to  obliterate  the 
blood  vessels,  the  stitches  must  be  inserted  close  to  one 
another  and  pulled  tight. 

The  closed  stump  of  the  stomach  is  buried  by  a  row 
of  Lembert  sutures ;  the  invagination  at  the  ends  is  made 
easier  if  each  corner  is  grasped  in  non-toothed  dissecting 
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forceps    and    pushed  well  into  the    interior    of  the 
stomach. 

Section  and  Closure  of  the  Duodenum. — As  the  car-  . 
cinoma  almost  always  stops  abruptly  at  the  pyloro- 
duodenal  junction,  it  is  usually  sufficient  to  divide  the  gut 


Pancreas 


Fig.  186. — Resection  of  Pyloric  Portion  of  Stomach  by  the  Method 
Billroth  II.,  completed. 
(Looked  at  from  right  side  of  patient.) 

one  inch  beyond  this.  Clamps  are  applied  at  the  level 
decided  upon  and  the  duodenum  is  divided  between  them. 
The  segment  of  stomach  containing  the  growth  being  now 
completely  separated  is  removed  and  laid  aside.  The  cut 
end  of  the  duodenum  is  closed  by  a  continuous  suture 
carried  through  all  the  coats,  and  the  ends  of  the  suture 
are  tied  together,  the  clamp  controlling  the  stump  being 
removed  as  the  first  knot  is  tied  ;  and  the  stump,  now 
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much  reduced  in  size,  is  buried  by  one  or  more  tiers  of 
purse-string  sutures.  Finally,  to  give  further  support, 
the  omentum  or  pancreas  is  stitched  down  to  the  stump. 

After  being  purified  the  exposed  parts  are  returned  to 
the  abdomen  and  the  parietal  wound  closed. 

Resection  of  the  Stomach  by  Kocher's  Method. — The 
resection  of  the  cancerous  segment  of  the  stomach  and 
the  closure  of  the  cardiac 
end  are  carried  out  on 
similar  lines  to  those  above 
described.  The  divided 
end  of  the  duodenum,  how- 
ever, instead  of  being  closed, 
is  inserted  into  the  posterior 
wall  of  the  stomach  about 
an  inch  to  the  left  of  its 
line  of  closure  (Fig.  187). 
The  junction  is  made  by  an 
end-to-side  anastomosis  by 
the  ordinary  two  tiers  of 
sutiu-es,  but  if  the  portion 
of  stomach  remaining  is 
limited  the  anastomosis 
may  be  carried  out  more 
easily  with  the  aid  of  a 
Murphy  button. 

It  must  be  conceded  that  the  re-constituted  alimen- 
tary passage  departs  less  from  physiological  conditions  in 
Kocher's  method,  but  we  believe  that  in  inexperienced 
hands  it  is  attended  with  a  higher  mortality  because  of 
the  technical  difficulties  in  anastomosing  the  duodenum 
to  the  stomach. 

Resection  of  the  entire  Stomach  for  Cancer. — In  ex- 
ceptional cases  the  entire  stomach  may  require  to  be 
removed.  The  operation  is  carried  out  on  similar  lines 
to  those  described  for  partial  gastrectomy,  and  is  com- 


FlG.  187. —Diagram  of  Method  of 
joining  Ducdenum  to  Stomach 
after  Resection  of  Pylorus  by 
Kocher's  Method. 
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pleted  by  joining  the  lower  end  of  the  gullet  to  a  loop 
of  the  upper  portion  of  the  jejunum.  Schlatter  and 
Moynihan  have  reported  the  cases  of  patients  who  sur- 
vived the  operation  for  several  months. 

Resection  of  the  Stomach  for  Ulcer. — The  resection  of 
the  affected  portion  of  the  stomach  is  planned  on  similar 
lines  to  that  for  cancer.  There  is  often  greater  diffi- 
culty, however,  because  of  adhesions  to  adjacent  organs. 


CHAPTEE  XXX 


OPERATIONS  ON  THE  INTESTINES 

Operations  on  Small  Intestine  :  Jejimostomy  ;  Enterotomy  ; 

Entero-anastomosis  ;  Enterectomy. 
Operations  on  the  Colon  :  Mobilisation  of  the  Colon  ;  Resection 

of  Ileo-cascal  Segment  and  Adjoining  Colon ;  Resection  of 

Colon  beyond  Hepatic  Flexure ;  Resection  of  Pelvic  Colon  ; 

Colostomy  ;  Colopexy. 

Opeeations  on  Small  Intestlnt;.  —  Jejunostomy.  — 
This  operation  is  performed  with  the  object  of  feeding 
the  patient  through  an  opening  made  in  the  highest 
part  of  the  jejunum  when  the  stomach  is  incapable  of 
performing  its  functions ;  it  is  most  often  called  for  in 
cases  of  diffuse  cancer  of  the  stomach. 

There  are  several  methods  of  performing  the  operation, 
all  of  them  designed,  as  in  gastrostomy,  to  prevent 
leakage  from  the  fistula.  Mayo  Robson's  method,  which 
is  illustrated  in  Fig.  188,  is  both  simple  and  efficient. 

A  vertical  incision  is  made  through  the  left  rectus 
above  the  umbilicus,  and  the  highest  loop  of  jejunum 
is  identified  and  brought  out  at  the  wound ;  a  wide 
lateral  anastomosis  is  made  at  the  base  of  the  loop 
between  its  two  limbs,  with  the  object  of  allowing  the 
bile  and  pancreatic  juice  to  pass  on  into  the  bowel 
beyond.  At  the  convexity  of  the  loop,  an  opening  is 
made  sufficient  to  admit  a  No.  10  rubber  catheter,  which 
is  pushed  for  two  or  three  inches  into  the  efferent  limb 
of  the  loop.  The  subsequent  steps  resemble  those  of  a 
Senn's  gastrostomy ;  the  tube  is  anchored  by  a  catgut 
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stitch,  and  the  opening  is  then  invaginated  by  one  or 
more  superimposed  purse-string  sutures.     The  coil  of 


suture 


Fig.  188.— Jejunostomy  by  the  Method  of  Mayo  Robson. 
(Looked  at  from  right  side  of  patient.) 

intestine  is  returned  to  the  abdomen,  and  its  apex 
secured  to  the  parietal  peritoneum  and  posterior  sheath 
of  the  rectus;  the  parietes  are  then  tightly  stitched 
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round  the  tube.  Feeding  may  be  commenced  at 
once. 

Enterotomy. — This  procedure  consists  in  opening  the 
small  intestine  to  remove  an  obstructing  body  such  as  a 
gall-stone,  or  to  empty  the  bowel  of  its  contents  in  the 
course  of  an  operation  for  intestinal  obstruction. 

The  loop  of  bowel  concerned  is  brought  out  at  the 
wound,  and  after  being  seized  at  its  root  with  a  suitable 


Fi(i.  189.— Closure  of  the  Divided  Small  Intestine  by  two  tiers 

of  Suture. 

clamp,  is  opened  by  a  transverse  incision  on  the  side 
opposite  the  mesentery  and  the  foreign  body  removed. 
The  clamp  is  then  relaxed  to  permit  of  the  escape  of  the 
contents,  and  is  reapplied  while  the  opening  is  beina 
closed  with  the  usual  double  tier  of  sutures.  Finally 
the  intestine  is  cleansed  and  replaced  in  the  abdomen, 
and  the  parietal  wound  closed. 

In  a  case  of  obstruction,  a  double-flanged  glass  .tube 
of  the  Paul  variety  is  tied  in  by  a  purse-string  suture 
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carried  through  all  the  coats,  and  connected  with  a  tube 
of  thin  rubber  to  carry  away  the  contents  to  a  receptacle 
placed  alongside  the  bed. 

Enterostomy. — This  term  is  employed  when  the  open- 
ing in  the  small  intestine  is  to  be  retained  for  some 
time,  usually  to  drain  the  bowel  in  cases  of  intestinal 
obstruction.  It  is  a  simple  operation,  and  may  be  done 
under  local  anaesthesia. 

The  initial  steps  are  the  same  as  in  enterotomy ;  the 
bowel  is  drawn  out,  clamped,  and  a  Paul's  tube  is  tied  in. 

The  portion  of  gut  to  which  the  tube  is  attached  is 
then  stitched  to  the  parietal  peritoneum  and  fascia  with 
two  or  more  sero-muscular  stitches.  When  the  clamp  is 
removed,  it  may  be  some  minutes  before  the  return  of 
peristalsis  expels  any  of  the  contents. 

The  stitch  holding  the  Paul's  tube  cuts  through  in  a 
few  days  and  the  tube  becomes  loose  ;  but  by  this  time 
adhesions  have  formed,  which  protect  the  peritoneal 
cavity,  while  the  wound  surfaces  are  protected  as  a  result 
of  the  ordinary  changes  in  repair. 

If  the  drainage  of  the  bowel  is  only  wanted  for  a-  day 
or  two,  a  rubber  tube  may  be  inserted  into  the  intestine 
by  an  oblique  fistula  made  by  Senn's  or  Witzel's 
method ;  this  method  has  the  advantage  that  when  the 
tube  is  removed  the  fistula  usually  closes  spontaneously. 

Entero-anastomosis. — The  different  methods  of  per- 
forming entero-anastomosis,  or  short-circuiting  of  the 
bowel,  have  already  been  described  (p.  391). 

Resection  of  the  Small  Intestine.— Enterectomy— The 
segment  of  bowel  to  be  resected  is  brought  out  at  the 
wound,  its  contents  expressed  by  the  fingers  in  both 
directions,  and  a  suitable  clamp,  or  preferably  a  pair 
of  clamps  (Fig.  190),  applied  above  and  below.  It  is 
essential  that  these  should  be  applied  well  beyond  the 
limits  of  .  the  disease  in  order  to  make  certain  of  having 
healthy  intestine  to  suture.    The  mesentery  is  divided 
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bit  by  bit;,  also  well  beyond  the  disease ;  this  is  con- 
veniently done  between  two  artery  forceps,  with  sub- 
sequent ligation  of  the  portions  of  tissue  included  in 
their  grasp.  The  intestine  is  cut  across  at  either  end 
with  straight  scissors,  as  close  as  possible  to  the  limits 


Fig.  190.— Resection  of  the  Small  Intestine.    The  Bowel  is  clamped 
and  the  Mesentery  is  being  divided. 

of  separation  of  the  mesentery.  The  section  is  not  made 
at  right  angles  to  the  long  axis,  but  obliquely,  so  that 
more  of  the  free  border  is  removed  than  of  the  mesenteric. 
This  oblique  section  of  the  bowel  ensures  a  better  blood 
supply  to  the  cut  edges,  and  diminishes  the  risk  of 
narrowing  the  lumen  of  the  gut  when  the  ends  are 
united  by  circular  suture. 

The  ends  are  now  approximated,  and  are  united  end 
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Fig.  191.— The  Blood  Vessels  and  Lymph  Glands  of  the  Colon. 


to  end  by  the  usual  double  tier  of  sutures,  or  in  emerg- 
ency with  a  Murphy  button.  The  adjacent  omentum 
may  be  sutured  over  the  junction ;  and  the  gap  in  the 
mesentery  is  closed  with  sutures.  The  clamps  are  re- 
moved, the  bowel  cleansed  and  returned  to  the  abdomen, 
and  the  parietal  wound  closed. 


OPERATIONS  ON  COLON 


437 


If  the  security  of  the  end-to-end  junction  is  uncertain, 
especially  if  the  lumen  of  the  bowel  above,  from  having 
been  distended  as  a  result  of  chronic  obstruction,  is  much 
greater  than  that  of  the  bowel  below,  it  may  be  better  to 
close  both  ends  (Fig.  194)  and  make  a  lateral  anastomosis 
between  them. 

Operations  on  the  Colon. — From  the  operative  point 
of  view  the  colon  differs  markedly  from  the  small 
intestine.  The  mesentery  of  the  ascending  and  descend- 
ing portions  is  so  short  and  broad  that  it  requires  to  be 
divided  and  the  gut  thus  mobilised  so  that  it  may  be 
brought  outside  the  wound.  The  conditions  for  healing 
after  suture  also  are  less  favourable,  and  the  contents 
are  much  more  infective.  One  of  the  great  dangers  in 
operations  on  the  colon  is  that  the  sutures  are  liable  to 
cut  through  even  at  a  late  stage  in  the  healing  process, 
and  admit  of  leakage  occurring. 

Mobilisation  of  the  Colon— The  practice  of  mobilising 
the  iixed  parts  of  the  colon  has  rendered  possible  a  great 
advance  in  the  surgery  of  the  large  intestine.  The  fixed 
parts  are  the  ascending  and  descending  portions,  the 
hepatic  and  splenic  flexures,  and  the  iliac  colon.  To 
render  these  parts  mobile,  the  outer  layer  of  the  meso- 
colon— that  is,  the  layer  farther  away  from  the  umbilicus 
— is  divided  parallel  with  the  colon,  and  by  means  of  the 
fingers  the  colon  is  stripped  from  the  posterior  abdominal 
wall  sufficiently  freely  to  admit  of  its  being  brought  out 
at  the  wound.  It  is  still  attached  by  the  inner  layer  of 
the  meso-colon  and  by  the  blood  vessels.  In  this  process 
of  mobilisation  care  must  be  taken  of  the  duodenum  on 
the  right  side,  and  of  the  ureter  and  vas  deferens  on 
both  sides. 

The  Lymphatica  of  the  Colon  have  been  made  the 
subject  of  special  study  by  Jamieson  and  Dobson  of 
Leeds.  Groups  of  lymph  glands  are  found  in  relation 
to  the  different  sets  of  blood  vessels,  and  in  order  to 
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remove  those  that  are  liable  to  be  infected,  it  is  necessary 
to  resect  the  mesentery  in  which  they  lie  close  up  to 
the  point  at  which  the  corresponding  artery  arises  from 
the  superior  mesenteric  ;  and  in  the  case  of  the  inferior 
mesenteric,  which  supplies  the  pelvic  colon,  up  to  its  origin 
from  the  aorta. 

Resection  of  the  Ileo-caecal  Segment  and  Adjoining 
Colon. — This  operation  is  usually  performed  for  malignant 
disease  originating  in  the  caecum  or  in  the  ascending 
colon.  W.  J.  Mayo  has  pointed  out  that  it  is  advisable 
to  include  the  ascending  colon  with  the  caecum,  because 
many  cancers  originating  at  the  ileo-csecal  valve  extend 
upwards  into  the  colon  as  well  as  downwards  into  the 
caecum,  and  also  because  both  the  ileo-colic  and  right 
colic  groups  of  glands  are  liable  to  be  infected. 

The  incision  is  made  over  the  tumour  in  the  line  of 
the  fibres  of  the  external  oblique,  and,  if  the  disease  is 
not  too  far  advanced,  the  muscles  are  separated  widely 
by  the  gridiron  method.  When  the  peritoneal  cavity  has 
been  opened,  an  investigation  is  made  of  the  extent 
of  the  disease,  and  particularly  of  the  relations  of  the 
tumour  to  the  parietes,  and  of  the  condition  of  the 
lymph  glands  in  the  associated  mesentery.  The  close 
resemblance  which  tuberculous  disease  of  the  caecum 
may  bear  to  cancer  is  to  be  kept  in  mind;  when 
there  is  any  doubt,  one  of  the  enlarged  glands  in  the 
mesentery  should  be  removed  for  immediate  examina- 
tion. 

If  a  radical  operation  is  decided  upon,  any  adherent 
omentum  is  divided  and  ligated  piecemeal,  and  the 
omentum  and  small  intestine  are  displaced  to  the  left 
and  packed  off.  The  outer  layer  of  the  ascending  meso- 
colon is  divided,  and  the  colon  and  fat  are  stripped  cleanly 
towards  the  middle  line  from  the  muscles  of  the  posterior 
abdominal  wall  (Fig.  192).  The  stripping  is  continued 
nearly  as  far  as  the  origin  of  the  ileo-colic  and  right 
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colic  arteries  from  the  superior  mesenteric ;  the  ligation 
of  these  arteries  about  one  inch  from  their  origin  greatly 
facilitates  the  further  steps  of  the  operation. 

The  mesentery  of  the  lower  six  or  eight  inches  of  the 
ileum  is  divided  and  ligated  piecemeal,  thereby  securing 
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J  light  spermatic  artery  and 
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Fig.  192. — Mobilisation  of  the  Csecum  and  Ascending  Colon. 


a  portion  of  ileum  that  will  be  sufficiently  movable  to  be 
afterwards  joined  to  any  part  of  the  colon. 

The  csecum,  ascending  colon,  and  lower  ileum  are 
brought  out  at  the  wound,  and  the  peritoneal  cavity  is 
packed  off  with  gauze.  The  ileum  is  doubly  clamped 
and  divided,  and  the  colon  is  similarly  dealt  with ;  the 
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inner  layer  of  the  meso-colon  is  divided  on  the  proximal 
side  of  any  enlarged  glands,  and  the  diseased  segment  of 
bowel  laid  aside. 


Fig.  193.— Extent  of  Resection  in  Cancer  of  Ileo-csecal  Segment  of 

Intestine. 


"  As  looked  at  from  the  purely  technical  standpoint, 
a  carcinoma  existing  at  any  point  between  the  ileo-csecal 
orifice  and  the  junction  of  the  right  with  the  middle 
third  of  the  transverse  colon,  can  be  most  safely  treated 
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by  complete  removal  of  all  the  large  bowel  up  to  that 
point,  and  this  also  most  effectually  removes  the  lymphatics 
that  are  likely  to  be  infected  "  (W.  J.  Mayo). 


Fig.  194.— Lateral  Anastomosis  between  Ilenm  and  Transveree  Colon 
after  Resection  of  Caecum  and  Ascending  Colon  for  Cancer. 


The  cut  end  of  the  ileum  must  now  be  joined  to  the 
cut  end  of  the  colon ;  when  the  two  portions  of  gut  are 
nearly  equal  in  size,  an  end-to-end  junction  may  be 
made;  as  a  rule,  however,  it  is  better  to  close  the  colon 
and  insert  the  ileum  into  it  end-to-side  (Fig.  194),  or 
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both  ileum  and  colon  are  closed  and  the  communication 
re-established  by  lateral  anastomosis  (Fig.  194).  If  for 
any  reason  any  of  these  jimctions  is  impracticable,  the 
ileum  may  be  inserted  into  the  pelvic  colon  (Fig. 
167). 

Before  the  abdomen  is  closed  it  is  necessary  to  cover 
over  the  area  on  the  posterior  abdominal  wall  that  has 
been  deprived  of  its  peritoneum.  It  may  be  necessary 
to  mobilise  the  parietal  peritoneum  in  order  that  it  may 
be  stitched  to  the  divided  meso-colon.  It  is  recommended 
that  drainage  should  be  provided  for. 

In  early  cases  of  localised  cancer  in  the  caecum  or 
ascending  colon  it  may  not  be  necessary  to  perform  the 
above  extensive  operation ;  we  have  obtained  a  number 
of  radical  cures  by  a  localised  resection  of  the  gut. 

Resection  o!  the  Colon  beyond  the  Hepatic  Flexure  — 
In  resections  involving  the  middle  of  the  transverse 
colon,  the  middle  colic  artery,  derived  from  the  superior 
mesenteric,  should  be  ligated  at  an  early  stage,  and  from 
the  point  of  ligation,  separation  of  the  meso-colon  with 
its  glands  is  proceeded  with. 

In  the  case  of  the  splenic  flexure,  the  costo-colic 
ligament  and  the  outer  layer  of  the  meso-colon  are 
divided,  thus  liberating  the  colon,  which  along  with  the 
fat  and  glands  can  be  drawn  out  of  the  abdomen.  The 
left  colic  artery  is  ligated  and  divided.  In  the  descending^ 
and  iliac  portions  of  the  colon,  and  in  the  greater  fart  of 
the  pelvic  colon,  the  steps  of  the  operation  correspond 
very  closely  to  those  described  for  the  caecum  and 
ascending  colon. 

Resection  o£  the  Pelvic  Colon,  with  complete  removal 
of  the  lymphatic  tributaries,  may  necessitate  ligation  of 
the  inferior  mesenteric  artery  close  to  its  origin  from 
the  aorta  (Fig.  195)  in  order  to  ensure  removal  of  the 
glands  that  are  liable  to  be  infected. 

The  incision  is  made  in  the  line  of  the  fibres  of  the 
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external  oblique,  and  the  deeper  muscles  are  split  in  the 
direction  of  their  fibres.  The  extent  of  the  disease  is 
investigated ;  if  the  conditions  are  unfavourable  for  a 


Fig.  195. — Extent  of  Resection  recommended  in  Cancer  of  Pelvic  Colon. 


radical  operation,  an  anastomosis  is  made  between  the 
lower  end  of  the  ileum  and  the  colon  beyond  the  growth. 
If,  on  the  other  hand,  the  conditions  permit  of  a  radical 
operation,  it  is  carried  out  somewhat  on  the  following 
lines. 

The  tumour  is  separated  from  any  adherent  omentum, 
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and  is  pulled  out  along  with  such  loops  of  small  intestine 
as  may  be  adherent  to  it ;  the  surrounding  parts  are 
then  packed  off  with  gauze.  The  outer  layer  of  the 
meso-colon  is  divided,  and  the  tissues  of  the  mesentery 
stripped  towards  the  centre  of  the  abdomen  until  the 
bowel  is  sufficiently  freed  to  be  brought  outside.  The 
meso-colon  with  its  inner  lining  of  peritoneum  is  tied  off 
in  pieces  with  stout  catgut.  The  extent  of  resection  and 
the  means  of  restoring  the  continuity  of  the  bowel  are 
now  decided  upon.  The  ideal  method  is  to  cut  across 
the  bowel  between  clamps  well  above  and  below  the 
tumour,  and  to  unite  the  cut  ends  directly  by  circular 
suture,  or,  after  closing  both  ends,  to  make  a  lateral 
anastomosis  between  them.  In  the  latter  case  the 
junction  should  be  iso-peristaltic,  and  the  anastomotic 
opening  should  be  as  close  to  the  ends  as  possible,  so  as 
not  to  leave  any  pouch  beyond.  If  it  is  found  that 
there  is  likely  to  be  tension  after  bringing  the  ends 
together,  the  adjacent  colon  must  be  mobilised. 

The  stitching  must  be  very  accurate,  and  special 
care  is  taken  to  ensure  perfect  serous  apposition  at  the 
point  where  the  meso-colon  joins  the  gut.  The  clamps 
are  removed,  the  bowel  is  cleansed  and  returned,  and, 
drainage  having  been  provided  for,  the  abdominal  wound 
is  closed.  W.  J.  Mayo  advises  that  if  leakage  is  feared, 
the  anastomosed  loop  should  be  stitched  to  the  peritoneum 
just  beneath  the  wound  and  strips  of  rubber  tissue  carried 
down  to  it  so  that  any  leakage  may  readily  find  its  way 
to  the  surface. 

The  junction  of  the  divided  colon  may  also  be  effected 
by  invaginating  the  proximal  into  the  distal  end  as 
shown  in  Figs.  196,  197,  198. 

If  the  conditions  are  unfavourable  for  operation,  and 
especially  if  the  bowels  are  loaded,  it  is  much  safer  to 
carry  out  the  resection  of  the  colon  by  the  three-stage  opera- 
tion of  Mikulicz  and  Paul.    The  first  stage  consists  in 
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opening  the  abdomen  and  pulling  the  segment  of  colon 
containing  the  tumour  along  with  its  mesentery  and 
glands  out  at  the  wound.    The  protruded  colon  forms  a 


Fig.  196. — Junction  of  Colon  by  Invagination  Method— A. 

loop  of  which  the  two  limbs  are  now  united  by  a  sero- 
muscular suture,  and  are  also  fixed  by  a  few  interrupted 
sutures  to  the  parietal  peritoneum.  A  Paul's  tube 
is  inserted  into  the  proximal  loop,,  and  a  rubber  tube 
attached  to  it  after  the  manner  described  in  enterostomy. 
The  parietes  are  brought  together  above  and  below  the 
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protruded  bowel,  and  a  dressing  is  applied  which  will 
not  adhere  to  the  gut ;  a  sheet  of  dental  rubber  or  gauze 
thickly  spread  with  vaseline  will  serve  this  purpose. 
From  the  third  to  the  fifth  day,  the  protruded  bowel 
which  is  the  seat  of  the  tumour  is  cut  away  with  the 


Fig.  197.— Junction  of  Colon  by  Invagination  Method— B. 


actual  cautery,  almost  flush  with  the  skin,  and  a 
Paul's  tube  is  tied  into  each  open  end  by  means  of  a 
purse-string  suture. 

The  tubes  become  loose  in  from  four  to  seven  days, 
and  the  opening  acquires  the  characters  of  an  ordinary 
artificial  anus.  At  the  end  of  from  twelve  to  eighteen 
days  from  the  first  stage  of  the  operation,  the  spur  or 
septum  between  the  two  portions  of  gut  is  got  rid  of, 
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usually  by  a  crushing  clamp  or  enterotome,  the  instru- 
ment being  left  in  position  until  the  tissue  included  in 
its  grasp  undergoes  necrosis  and  comes  away.  There 
is  a  considerable  tendency  for  the  fistula  to  close  of 


i"iG.  198.— Junction  of  Colon  by  Invagination  Method— C. 


itself,  but  further  dissection  and  stitching  may  be  re- 
quired to  bring  this  about.  This  operation  in  stages  is 
attended  with  a  lower  mortality.  Its  disadvantages, 
however,  are  considerable;  the  patient  is  subjected  to 
a  longer  convalescence,  to  the  discharge  of  fjeces  at  the 
wound,  and,  finally,  it  does  not  permit  of  the  dissection 
necessary  for  the  removal  of  the  associated  lymphatics. 
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Tumours  in  the  Lower  Part  oi  the  Pelvic  Colon  are  the 

most  difficult  of  all  to  remove  by  operation.  They  are 
best  dealt  with  by  a  combined  abdomino-perineal  method, 
which  will  be  described  in  relation  to  cancer  of  the 

rectum  (p.  472). 

Colostomy— This  operation  consists  in  making  a  per- 
manent opening  in  the  pelvic  colon,  and  is  chiefly 
performed  to  afford  relief  in  cases  of  inoperable  cancer 

of  the  rectum. 

If  the  obstructive  symptoms  predommate  and  call  for 
immediate  emptying  of  the  bowel,  the  operation  is  com- 
pleted at  one  sitting,  but  if  the  obstruction  is  not  acute, 
it  is  of  great  advantage  to  perform  the  operation  in  two 
stages.  The  first  consists  in  bringing  out  a  loop  of  colon 
and  fixing  it  until  adhesions  have  formed  between  the 
visceral  and  parietal  peritoneum,  and  shut  off  the  peritoneal 
cavity ;  the  second,  in  opening  the  bowel. 

The  abdomen  is  opened  on  the  left  side  by  M'Burney  s 
aridiron  method,  in  the  same  way  as  is  done  for  removal 
of  the  appendix  on  the  opposite  side.  The  pehac  colon 
may  present  at  the  wound  or  may  have  to  be  searched 
for  by  running  the  fingers  of  the  left  hand  across  the 
iUac  fossa  until  the  meso-sigmoid  is  reached,  when  a 
loop  is  drawn  up  to  the  surface  and  brought  out  at  the 
wound. 

Some  surgeons  lay  stress  on  the  necessity  of  pulhng 
out  the  highest  part  of  the  pelvic  colon  to  prevent 
prolapse  of  the  bowel.  We  have  given  up  this  practice, 
as  the  patient  is  deprived  of  the  use  of  the  pelvic  colon 
as  a  f^cal  reservoir,  and  we  have  not  had  any  trouble 

from  prolapse.  .      ^i,  i 

There  are  various  methods  of  securing  the  loop  ni 
position.  A  simple  plan  is  to  choose  a  bloodless  area  in 
the  mesentery,  transfix  it  with  a  pair  of  forceps,  and 
draw  back  through  the  hole  thus  made  a  i^  l  of  gauze 
(Fig  199).  a  glass  rod,  or  a  large  piece  of  rubber  tubmg , 
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or  to  fix  the  mesentery  to  the  parietes  by  one  or  more 
mattress  sutures.  If  the  operation  is  to  be  completed 
at  one  sitting,  a  large  Paul's  tube  is  introduced  in  the 
usual  way,  as  shown  in  Fig.  199. 

If  the  bowel  is  not  to  be  opened  at  once,  a  square  of 
dental  rubber,  or  gauze  thickly  spread  with  vaseline  is 
applied  over  it  to  prevent  the  dressings  adhering. 

In  the  absence  of  obstruction,  two  or  three  days  are 


Fig.  199.— Colostomy  in  tlie  presence  of  Obstruction.    A  Paul's  Tube 
is  tied  in  the  Bowel. 

allowed  to  elapse,  but  in  exceptional  cases  we  have 
deferred  the  opening  for  a  week  or  ten  days,  without 
detriment  to  the  patient.  The  opening  is  made  with 
the  Paquelin  cautery  either  across  the  line  of  the  gut, 
as  we  prefer,  or  in  its  long  axis.  Eutherford  Morison 
has  found  that  a  good  deal  of  blood  may  be  lost  from 
the  cut  edges  of  the  bowel  some  hours  after  it  has  been 
opened,  and  to  prevent  this,  he  recommends  that  a  piece 
of  rubber  tubing  should  be  tied  tightly  round  the  bowel 
and  allowed  to  ulcerate  its  way  out.  In  this  way  the 
bowel  is  divided  right  across  and  there  is  no  bleeding. 

VOL.  III. — 29 
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Instead  of  simply  opening  the  bowel,  it  may  be  cut 
completely  across  with  the  knife  or  cautery,  and  a  Paul's 
tube  inserted  into  each  segment  (F.  M.  Caird). 

In  performing  colostomy,  Mr.  Paul  does  not  now  use 
the  tube  called  by  his  name  or  any  other  appliance.  He 
makes  the  colon  project  in  the  form  of  a  cone  a  little 
above  the  skin  level,  and  stitches  the  base  of  the  cone  to 
the  parietal  peritoneum. 

Another  modification  of  the  operation  consists  in 
bringing  out  a  loop  of  the  pelvic  colon,  and  after  cutting 
it  across,  ligating  and  invaginating  the  lower  end,  and 
then  returning  it  to  the  abdomen.  The  upper  end  is 
brought  out  at  the  wound  with  a  Paul's  tube  secured  in 
its  cut  extremity.  This  operation  tries  the  endurance  of 
a  weakly  patient  unduly,  and  if  the  operator  makes  any 
mistake  as  to  which  is  the  upper  and  whicb  the  lower 
end  of  %hT&  loop  the  result  is  disastrous. 

Colopexy. — This  operation  is  designed  to  tighten  up 
and  anchot-.vthe  lower  part  of  the  pelvic  colon  in  the 
treatment  of 'prolapse  of  the  rectum. 

Lenormant,  Qu(^nu,  and  Duval  have  contributed  to  the 
following  method  of  performing  the  operation.  The 
patient  is  placed  in  the  high  Trendelenburg  position,  and 
the  abdomen  is  opened  in  the  middle  line  between  the 
umbilicus  and  the  pubes.  In  the  female,  the  uterus  is 
drawn  upwards  and  forwards  with  forceps,  and  the  pro- 
lapse of  the  rectum  is  fully  reduced  by  making  traction 
on  the  pelvic  colon.  The  pouch  of  Douglas  is  now 
obliterated  by  two  or  more  tiers  of  purse-string  sutures. 
The  lowest  part  of  the  pelvic  colon  is  sutured  to  the 
pelvic  peritoneum  so  that  it  lies  horizontally  from  right 
to  left.  The  lowest  portion  is  fixed  by  interrupted 
sutures  to  the  right  broad  ligament,  and  a  series  of  eight 
to  ten  interrupted  sutures  fix  the  bowel  to  the  back  of 
the  vagina  and  to  the  left  side  of  the  true  pelvis  up  to 
the  brim.    An  incision  is  now  made  in  the  iliac  fossa 


COLOPEXY 


451 


outside  the  iliac  vessels,  exposing  the  iliac  fascia  and  the 
tendon  of  the  lesser  psoas  muscle ;  fine  sutures  are 
passed  through  the  peritoneal  coat  of  the  pelvic  colon, 
through  the  right  side  of  the  peritoneal  incision,  and 
through  the  iliac  fascia  and  tendon  of  the  lesser  psoas 
muscle;  these  sutures,  when  closed  securely,  fix  the 
pelvic  colon ;  the  left  free  edge  of  divided  peritoneum  is 
then  stitched  to  the  colon.  In  the  male,  a  similar 
operation  is  recommended  :  the  recto-vesical  pouch  of 
peritoneum  is  closed  by  sutures  in  the  same  way  as 
the  pouch  of  Douglas  is  obliterated  in  the  female, 
the  free  border  of  the  colon  is  stitched  to  the  back  of 
the  bladder  horizontally  from  right  to  left,  and  the  pelvic 
colon  is  fixed  to  the  iliac  fossa. 
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OPERATIONS  FOR  HERNIA 

General.  Herniotomy  for  Inguinal  Hernia  :  Methods  of 
dealing  ivith  Sac  ;  Methods  of  dealing  with  Canal ;  O-peration  for 
Large  Irreducible  Hernia ;  Hernio-laparotomy  ;  Operation  for 
Strangulated  Inguinal  Hernia.  Herniotomy  for  Femoral 
Hernia.  Method  of  dealing  with  Sac ;  Method  of  dealing  with 
Canal;  Operation  for  Strangulated  Femoral  Hernia.  Operative 
Core  of  Umbilical  Hernia.  Operative  Cure  op  Ventral 
Hernia. 

The  operative  treatment  of  hernia  has  been  greatly 
simplified  within  recent  years,  and  the  complicated 
procedures  vs^hich  were  formerly  employed  are  now 
seldom  called  for.  This  is  largely  due  to  the  fact  that 
patients  submit  themselves  to  operation  while  the  rupture 
is  still  small,  and  before  the  structures  forming  the  canal 
through  which  it  emerges  have  been  stretched  and 
altered  by  the  pressure  of  the  protrusion. 

Herniotomy  for  Inguinal  Hernia. — In  the  case  of 
inguinal  hernia,  much  more  importance  has  come  to  be 
attached  to  the  obliteration  of  the  neck  of  the  sac  and 
less  to  the  strengthening  of  the  walls  of  the  canal.  It 
is  now  recognised  that  an  important  etiological  factor  in 
this  condition  is  the  existence  of  a  pre-formed  or  con- 
genital peritoneal  sac.  In  the  great  majority  of  cases  of 
inguinal  hernia  met  with  in  children  and  in  young 
adults,  it  is  only  necessary  to  deal  with  the  sac,  so  little 
change  having  taken  place  in  the  canal  that  it  spontane- 
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ously  resumes  its  normal  condition  after  the  neck  of  the 
sac  has  heen  obliterated. 

When,  however,  a  hernia  is  of  old  standing,  and  has 
attained  a  considerable  size,  and  particularly  in  persons 
over  forty  years  of  age  whose  abdominal  muscles  have 
commenced  to  lose  their  tone,  the  structures  forming  the 
wall  of  the  inguinal  canal  become  stretched  and  thinned 
out,  and  it  is  necessary  to  readjust  them  so  that  a  re- 
currence of  the  protrusion  may  be  prevented. 

An  incision  is  made  parallel  with  the  inner  half  of 
Poupart's  ligament  in  the  line  of  the  inguinal  canal,  or 
obliquely  intersecting  it.  The  scar  is  less  evident  if 
the  incision  is  made  in  the  interspinous  fold,  its  centre 
being  opposite  the  internal  abdominal  ring.  The  super- 
ficial epigastric  vessels  and  a  few  subcutaneous  veins  are 
divided  and  secured  with  forceps.  After  the  superficial 
fascia  and  fat  have  been  divided,  the  shining  aponeurosis 
of  the  external  oblique  is  exposed,  and  the  canal  is 
opened  by  sUtting  the  aponeurosis  in  the  hne  of  the 
canal,  and  holding  aside  its  edges  with  forceps.  The 
horizontal  fibres  of  the  internal  oblique  attached  to  the 
outer  half  of  Poupart's  ligament  are  exposed,  and 
Poupart's  ligament  is  cleared  by  gauze  dissection  until 
the  lowest  part  of  the  shelving  edge  is  defined. 

The  spermatic  cord,  accompanied  by  the  sac  of  the 
hernia,  is  seen  emerging  from  the  lower  edge  of  the 
internal  obUque,  covered  by  the  cremaster  fascia,  derived 
from  the  lower  border  of  that  muscle.  The  lower  edge 
of  the  internal  oblique  is  then  cleared  so  that  it  can  be 
retracted  upwards  and  outwards,  and  the  cremasteric 
covering  of  the  cord  is  divided.  The  innermost  covering 
of  the  cord — the  infundibuliform  fascia — derived  from 
the  transversalis  fascia,  is  seldom  recognisable  except  in 
children. 

The  sac  can  be  recognised  by  spreading  out  the  cord 
and  looking  at  it  against  the  light.    It  is  usually  possible 
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to  clear  the  sac  by  gauze  dissection  as  far  up  as  the 
internal  ring,  and  the  neck  of  the  sac  can  generally  be 
recognised  by  a  collar  of  yellow  fat  coming  into  view. 

External  oblique  aponeurosis 
Internal  oblique      Sac  transfixed       |  Fascia  of  Scarpa 

I  ' 


External  oblique  aponeurosis    Poupart's   Spermatic  cord 

ligament 

Fig.  200.— Operative  Cure  of  Inguinal  Hernia,  obliterating  the 
Neck  of  the  Sac. 

Methods  of  Dealing  with  the  Sac— There  are  several 
ways  of  disposing  of  the  sac  after  its  contents  have  been 
reduced.    It  may,  for  example,  be  transfixed  at  its  neck 
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by  a  catgut  stitch  (Fig.  2  0  0),  secui-ely  ligated,  and  cut  off, 
the  stump  receding  by  its  own  elasticity  under  cover  of  the 


Internal  oblique 
External  oblique  aponeurosis     |        Fascia  of  Scarpa 
I  ;   I  


External  oblique  aponeurosis        |     Spermatic  cord 

Poupart's 
ligament 

Fig.  201. -^Operative  Cure  of  Inguinal  Hernia.    Closure  of  the  Inguinal  Canal. 


internal  oblique.  Kocher's  plan  consists  in  grasping  the 
fundus  of  the  sac  with  toothed  forceps,  invagiiiating  it 
backwards  along  the  inguinal  canal  and  bringing  it  out 
through  the  external  oblique  aponeurosis  at  a  point 
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opposite  the  internal  ring,  where  it  is  anchored  by  means 
of  a  catgut  stitch,  and  the  excess  of  sac  cut  off.  We 
have  found  it  more  convenient  to  push  the  forceps 
through  the  external  oblique  aponeurosis  and  pass  them 
down  the  canal  and  out  through  the  external  ring, 
grasping  the  sac,  pulling  it  back,  and  anchoring  it  where 
it  emerges. 

The  slit  in  the  external  oblique  aponeurosis  is  sutured 
by  a  continuous  catgut  stitch,  and  the  wound  closed. 

Methods  o£  Reconstructing  or  Reinforcing  the  Inguinal 
Canal. — When  it  is  considered  necessary  to  strengthen 
the  walls  of  the  canal  in  attempting  to  effect  a  radical 
cure  in  inguinal  hernia,  one  or  other  of  the  following 
methods  may  be  selected  according  to  the  requirements 
of  the  individual  case.  In  the  male,  complete  oblitera- 
tion of  the  canal  is  not  possible,  as  provision  must  be 
made  for  the  passage  of  the  spermatic  cord.  In  very 
large  hernise  it  is  sometimes  justifiable  to  sacrifice  the 
testis  in  order  that  the  canal  may  be  completely  closed 
(Kocher),  or  to  reduce  the  testis  into  the  abdomen  along 
with  the  contents  of  the  sac  (Bernhard). 

(a)  If  the  aponeurosis  of  the  external  oblique  has 
already  been  incised  in  order  to  reach  the  neck  of  the 
sac,  the  internal  oblique  and  transversalis  muscles  and 
their  conjoined  tendon  are  united  to  the  abdominal  aspect 
of  Poupart's  ligament  by  a  stout  chromic  catgut  suture 
(Fig.  201),  and  the  edges  of  the  externa  loblique  apon- 
eurosis are  brought  together  by  a  continuous  suture.  If 
the  aponeurosis  has  been  overstretched,  the  surfaces 
are  made  to  overlap  by  a  series  of  mattress  sutures. 

(b)  Bassini's  method  of  dealing  with  the  canal  (Fig.  202) 
consists  in  raising  the  cord  from  its  bed,  and  pulling  it 
forwards,  while  the  internal  oblique  and  conjoined  tendon 
are  sutured  to  Poupart's  ligament  beneath  it.  The  cord 
is  then  laid  on  these  structures  and  the  external  oblique 
aponeurosis  is  sutured  over  it. 
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(c)  Halsted  recommends  that  the  size  of  the  cord  be 
diminished  by  resecting  the  pampiniform  plexus,  and 
that  it  be  placed  between  the  external  oblique  and  the 
skin. 


Fascia  of  Scarpa 


External  oblique  aponeurosis 


Internal  obli 


Spermatic  cord 
I 


External  oblique  aponeurosis       Poupart's  ligament 

Fig.  202.— Operative  Cure  of  Inguinal  Hernia.    Closure  of  the  Canal 
by  the  Method  of  Bassini. 

Operation  for  Large  Irreducible  Hernise. — The  condi- 
tions under  which  this  operation  are  undertaken  render 
it  one  of  considerable  severity  and  danger.    The  patient 


458  OPERATIONS  FOR  HERNIA 


is  usually  advanced  in  years,  and  as  the  operation  is 
rendered  necessary  by  threatenings  of  strangulation,  the 
procedure  is  of  the  nature  of  a  hernio-laparotomy.  The 
abdominal  wall  and  the  coverings  of  the  hernia  are 
laid    freely  open,  so  that  the  exposure  of  parts  in 
the  region  of  the  neck  of  the  sac  is  ample.  Adherent 
omentum  is  separated  from  the  inside  of  the  sac  and 
the  margins  of  the  internal  ring,  care  being  taken  that 
all  vessels  are  secured  before  it  is  returned  to  the 
abdomen.    It  is  often  advisable  to  remove  a  considerable 
part  of  the  omentum,  and  it  may  be  necessary  to 
establish  an  anastomosis  between  adjacent  viscera  or 
even  to  resect  a  portion  of  intestine.    The  peritoneum 
at  the  neck  of  the  sac  is  closed  by  suture,  and  the  wall 
of  the  canal  re-formed  by  one  or  other  of  the  methods 
above  described.    Kocher  recommends  for  cases  of  this 
kind  that  a  flap  be  raised  from  the  rectus  muscle,  and 
the  anterior  layer  of  its  sheath  reflected  outwards  and 
stitched  so  as  to  strengthen  the  canal.    Wire  filigree,  or  a 
portion  of  fascia  lata  resected  for  the  purpose,  may  be 
embedded  in  the  tissues  to  strengthen  the  abdominal  walls. 
It  is  particularly  in  this  class  of  case  that  the  removal 
of  the  testis  facilitates  the  complete  closure  of  the  canal. 

Operation  for  Strangulated  Inguinal  Hernia. — The  line 
of  incision  through  the  integument  and  the  aponeurosis 
of  the  external  oblique  is  the  same  as  is  described  above. 
This  incision  is  deepened  layer  by  layer  over  the  upper 
part  and  neck  of  the  sac  until  all  its  covermgs  are 
divided,  after  which  it  is  usually  found  that  on  opening 
the  sac  it  is  possible  to  draw  down  the  bowel  so  as  to 
inspect  its  condition  at  the  site  of  the  constriction 
grooves.  If  the  neck  of  the  sac  is  so  tight  as  to  be  the 
chief  agent  in  causing  the  strangulation,  it  also  must  be 
divided  so  as  to  relieve  the  constriction  and  permit  of 
the  reduction  of  the  contents.  If  the  bowel  is  viable,  it 
is  gently  compressed  and  returned.    When  two  or  more 
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loops  of  intestine  are  present  in  the  sac,  the  most 
posterior  loop  should  be  replaced  first.  If  the  bowel 
does  not  appear  to  be  likely  to  Live,  it  must  be  resected. 
The  operation  is  then  completed  by  performing  the 
radical  cure. 

Herniotomy  for  Femoral  Hernia. — The  anatomical 
arrangements  at  the  femoral  ring  render  the  attempt  to 
close  the  canal  difficult  and  uncertain.  The  rigidity  of 
the  three  sides  of  the  ring  formed  by  Poupart's  ligament, 
the  horizontal  ramus  of  the  pubis,  and  Gimbernat's  liga- 
ment prevents  efficient  closure,  and  the  presence  of  the 
femoral  vein  on  the  outer  side  forbids  the  use  of  sutures 
on  this  aspect. 

The  essential  step  in  the  operation  is  the  obliteration 
of  the  neck  of  the  sac  at  its  highest  point,  and  this  can 
only  be  done  by  exposing  it  above  Poupart's  ligament. 

A  horizontal  incision  is  made  over  Poupart's  ligament, 
dividing  the  skin  and  superficial  fascia ;  the  lower  edge 
of  the  wound  is  'drawn  downwards  and  the  sac  is  shelled 
out  from  its  surroundings.  It  is  then  opened,  emptied 
of  its  contents,  clamped  where  it  enters  the  femoral 
canal,  and  the  protruded  portion  is  cut  away.  The  upper 
edge  of  the  wound  is  now  retracted,  exposing  the 
external  oblique  aponeurosis,  which  is  incised  in  a  line 
parallel  with  Poupart's  ligament.  The  internal  oblique 
may  also  require  to  be  divided  and,  with  the  help  of 
suitable  retractors,  the  neck  of  the  sac  is  exposed.  The 
deep  epigastric  vessels  lie  immediately  to  the  outer  side 
and  must  be  avoided.  The  neck  of  the  sac,  having  been 
isolated,  is  pulled  out  as  shown  in  Fig.  203,  transfixed 
by  a  catgut  stitch  at  its  highest  point,  and  tied,  and 
the  stump  is  allowed  to  retract  or,  following  Kocher's 
method,  it  may  be  turned  inside  out  and  displaced. 

Of  the  numerous  methods  of  attempting  to  occlude 
the  femoral  canal  that  have  been  devised  may  be 
mentioned  that  of    Roux  of    Lausanne,  who  tacked 
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Pouparfc's  ligament  down  to  the  XDubis  by  means  of 
metal  staples  ;  and  that  of  W.  H.  Battle,  who  makes  an 
incision  upwards  and  outwards  trom  the  middle  of  the 


Fig.  203.— Operative  Cure  of  Femoral  Hernia  ;  the  Sac  is  exposed  and 
drawn  out  above  Poupart's  Ligament. 

external  ring  through  the  aponeurosis  of  the  external 
oblique  for  about  an  inch  and  half,  and  slides  the  inner 
of  the  two  flaps  thus  formed  behind  the  outer  and 
stitches  it  to  Gimbernat's  ligament,  the  pectineal  fascia, 
and  Poupart's  ligament,  so  that  it  forms  a  "shutter" 
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over  the  femoral  canal.  The  outer  flap  is  then  stitched 
to  the  aponeurosis  of  the  external  oblique. 

Our  experience  of  these  and  other  methods  leads  us 
to  agree  with  those  who  believe  that  little  benefit 
follows  any  attempt  to  close  the  canal.  The  obliteration 
of  the  neck  of  the  sac  alone  is  seldom  followed  by 
recurrence  of  the  hernia. 

Operation  for  Strangulated  Femoral  Hernia. — After  the 
sac  has  been  exposed  and  isolated,  a  broad,  flat  director 
is  passed  along  the  canal  between  the  neck  of  the  sac 
and  G-imbernat's  hgament,  and,  with  a  hernia  knife 
inserted  along  the  groove  of  the  director,  two  or  more 
shallow  nicks  are  made  in  the  ligament,  so  that,  in  the 
event  of  an  aberrant  obturator  artery  being  present, 
this  will  escape  injury.  The  contents  of  the  sac  are 
drawn  down  to  expose  the  part  subjected  to  pressure 
opposite  Gimbernat's  ligament;  if  viable,  they  are 
retui-ned  to  the  abdomen  and  the  sac  is  dealt  with  as 
already  described. 

Opeeative  Cuee  of  Umbilical  Heenia. — The  subjects 
of  this  operation  are  usually  very  stout  women,  with 
irreducible  omentum  forming  the  contents  of  the  sac. 
Two  horizontal  semilimar  incisions  are  made  outlining 
the  hernial  tumour,  and  these  are  deepened  through  the 
fat,  which  may  be  several  inches  in  thickness,  until  the 
aponeurosis  is  exposed  for  an  area  of  several  inches  above 
and  below  the  sac.  The  sac  is  then  defined  and  opened, 
not  over  the  summit  where  the  coverings  are  thin  and 
adhesions  are  most  likely  to  be  present,  but  nearer  the 
neck.  The  intestine  is  retiu-ned  to  the  abdomen,  ad- 
herent omentum  is  dealt  with  on  the  usual  lines,  and 
the  entire  sac  and  overlying  skin  are  cut  away.  W.  J. 
Mayo  completes  the  operation  by  making  the  upper 
edge  of  the  opening  overlap  the  lower  as  follows  :  a 
stout  curved  needle  threaded  with  chromicised  catgut, 
kangaroo  tendon,  or  strong  celluloid  linen  is  passed  from 
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without  in  through  the  aponeurotic  structures  and  peri- 
toneum from  two  to  three  inches  above  the  margin  of 
the  opening.    The  needle  and  thread  is  drawn  down  and 


Fig.  204.— Mayo's  Operation  for  Umbilical  Hernia. 
Sutures  introduced  to  overlap  edges  of  aponeurosis. 

out  of  the  hernial  opening.  A  hrm  mattress  stitch  is 
now  caught  in  the  upper  edge  of  the  lower  flap,  about 
a  quarter  of  an  inch  from  the  margin  ;  the  needle  is  then 
carried  back  through  the  hernial  opening  into  the  peri- 
toneal cavity  and  made  to  emerge  a  third  of  an  inch 
lateral  to  the  point  of  original  entrance.    On  each  side 
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of  the  first  stitch  is  introduced  a  similar  suture  of  strong 
chromicised  catgut.  The  three  sutures  are  drawn  tight, 
puUing  the  entire  thickness  of  the  aponeurotic  and  peri- 
toneal structures  behind,  the  upper  flap.  The  margin  of 
the  upper  flap  is  retracted  to  expose  the  suture  line,  and 


Fig.  205. — Mayo's  Operation  for  Umbilical  Hernia  completed. 

if  any  gap  exists  it  is  closed  with  catgut  sutures.  The 
upper  flap  is  now  sutured  to  the  surface  of  the  aponeurosis 
below  by  a  continuous  suture,  and  lastly  the  skin  and 
fat  are  brought  together.  The  patient  is  confined  to  bed 
from  twelve  to  twenty  days. 

The  Operative  Cure  of  Ventral  Hernia. — This  is 
most  often  required  after  operations  for  acute  appendi- 
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citis  in  which  drainage  had  to  be  provided  for.  The 
operation  is  a  simple  one,  and  consists  in  excising  the 
scar  tissue  and  reconstituting  the  abdominal  wall  by- 
stitching  the  different  layers  individually  to  one 
another. 


CHAPTER  XXXII 


OPERATIONS  ON  THE  RECTUM 

Operations  for  Cancer  of  Rectum  and  Lower  End  of  Pelvic 
Colon  :  Perineal  Operation  of  Lisfranc ;  Kochefs  Coccygeal 
Operation ;  Combined  Perineo-ahdominal  Operation.  Operations 
FOR  Hemorrhoids  :  Ligature;  Excision;  Clamp  and  Cautery. 

OPERATIONS  FOR  CANCER  OF  THE  RECTUM 
AND  LOWER  END  OF  THE  PELVIC  COLON 

The  rectum  is  more  frequently  the  seat  of  cancer  than 
any  other  part  of  the  gastro-intestinal  tract  except  the 
stomach.  Although  the  disease  is  nearly  always  within 
reach  of  the  examining  finger,  in  the  majority  of  in- 
stances the  nature  of  the  condition  is  not  recognised  at 
a  stage  that  permits  of  radical  cure  by  operation.  Owing 
to  the  anatomical  situation  and  relations  of  the  rectum, 
the  technical  difficulties  of  radical  operation,  especially 
in  the  male,  are  considerable,  and  in  stout  or  muscular 
subjects  the  access  to  the  upper  and  middle  portions 
leaves  much  to  be  desired. 

The  main  artery  of  the  rectum  is  the  superior 
hgemorrhoidal,  which  is  the  direct  downward  continua- 
tion of  the  inferior  mesenteric  artery.  It  enters  the 
mesentery  of  the  pelvic  colon  (Fig.  208),  crosses  in  front 
of  the  left  common  iliac  artery,  and  at  the  level  of  the 
third  piece  of  the  sacrum  divides  into  two  branches, 
which  pass  downwards  under  the  fascia  on  either  side 
of  the  rectum  and  anastomose  with  the  middle  htemor- 
rhoidals,  derived  from  the  vesical  branch  of  the  anterior 
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division  of  the  internal  iliac,  and  with  the  inferior 
hsemorrhoidals  derived  from  the  internal  pudic. 

The  lymphatics  of  the  lower  rectum  first  pass  laterally 
with  the  middle  hsemorrhoidal  vessels  and  then  converge 
posteriorly  and  accompany  the  superior  haemorrhoidal  in 
the  meso-colon.  It  is  therefore  necessary  in  operating 
for  cancer  to  remove  the  entire  chain  of  glands  with 
all  the  fat  as  high  as  the  promontory  of  the  sacrum. 
Above  the  promontory,  the  lymphatics  follow  the  blood 
vessels  in  the  meso-colon  to  the  deep  lumbar  chain  of 
glands.  The  lymphatics  of  the  anal  canal  and  anus  also 
send  tributaries  to  the  glands  in  the  groin. 

Statistics  show  that  recurrence  is  more  frequent  in 
the  bowel  or  its  immediate  vicinity  than  in  parts  at 
a  distance,  hence  the  necessity  for  free  removal  of  the 
parts  that  are  the  seat  of  the  primary  growth.  The 
whole  circumference  of  the  affected  segment,  together 
with  at  least  two  fingers'  breadth  of  the  bowel  above 
and  below,  must  always  be  removed.  It  is  never  per- 
missible to  excise  a  portion  of  the  wall  of  the  gut  when 
operating  for  cancer. 

As  septic  infection  is  the  chief  cause  of  death  after 
operations  for  cancer  of  the  rectum,  the  measures  taken 
to  prevent  or  minimise  this  risk  must  be  thoroughly 
carried  out.  In  preparing  the  patient  all  purgation 
should  be  completed  forty-eight  hours  before  opera- 
tion, after  which  the  bowels  are  to  be  kept  at  rest, 
if  necessary  under  the  influence  of  bismuth  and  opium, 
and  nothing  is  to  be  given  by  the  mouth  except  teas  or 
broths,  and  albumin  water.  The  question  of  a  pre- 
liminary colostomy  may  still  be  said  to  be  unsettled. 
In  practice  its  performance  is  becoming  more  and  more 
restricted  to  cases  in  which  there  is  such  narrowing  of 
the  lumen  of  the  diseased  portion  of  gut  that  its  efficient 
cleansing  is  impossible  by  other  means. 

We  shall  describe  three  types  of  operation :  the  pen- 
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neal  operation  of  Lisfranc ;  Kocher's  coccygeal  method, 
for  cancer  in  the  ampulla ;  and  the  abdomino-perineal 
method  associated  with  the  name  of  Quenu. 

The  Perineal  Operation  of  Lisfranc. — This  operation  is 
intended  for  cancers  which  involve  the  anus,  the  anal 
canal,  and  the  lowest  part  of  the  rectum,  and  the  upper 
edge  of  the  growth  must  in  any  case  be  within  easy 
reach  of  the  finger.  The  operation  aims  at  removing 
the  lower  end  of  the  rectum  and  the  anal  canal,  with  the 
surrounding  muscles,  fat,  and  lymph  glands,  from  the 
coccyx  to  the  prostate. 

With  the  patient  in  the  exaggerated  lithotomy  position, 
a  circular  incision  is  carried  round  the  anus  through 
healthy  skin,  and  the  ring  of  skin  surrounding  the  anus 
is  dissected  up  and  stitched  over  the  orifice  so  that  it  is 
securely  closed.  The  outer  skin  edges  are  then  drawn 
apart  with  retractors,  and  the  posterior  attachments  of 
the  external  sphincter  and  of  the  levatores  ani  to  the 
coccyx  are  divided.  The  left  forefinger  is  now  passed 
beneath  the  levator  ani  first  on  one  side  and  then  on 
the  other,  and  the  muscle  divided  with  scissors  curved 
on  the  flat.  In  front,  the  external  sphincter  is  detached 
from  the  central  point  of  the  perineum,  and  the  dissec- 
tion is  deepened,  separating  first  the  anal  canal  and  then 
the  rectum  from  the  bulbous  and  membranous  portions 
of  the  urethra,  for  the  protection  of  which  an  instru- 
ment is  passed  into  the  bladder.  The  recto-urethralis 
muscle  is  then  divided,  and  the  bowel  separated  from 
the  prostate,  part  of  this  structure  being  sacrificed  if 
the  growth  is  adherent  to  it.  In  women,  the  posterior 
vaginal  wall,  if  adherent,  must  be  sacrificed. 

As  the  dissection  proceeds  on  the  lateral  aspects, 
bundles  of  vessels  supported  by  connective  tissue  are 
met  with  running  inwards  to  the  rectum,  and  are  tied 
before  being  divided. 

The  rectum,  being    now    completely    separated,  is 
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clamped  by  two  crushing  forceps  at  least  two  fingers' 
breadth  above  the  edge  of  the  tumour  and  divided 
between  them,  preferably  with  the  thermo-cautery.  The 
portion  excised  is  laid  aside,  and  before  the  upper  clamp 
is  removed  the  wall  of  the  rectum  is  stitched  all  round 
to  the  perianal  skin,  strips  of  rubber  tissue  being  packed 
in  on  either  side,  and  some  packing  may  also  be  intro- 
duced into  the  bowel.  As  healing  takes  place  in  part 
by  granulation,  there  results  a  long  canal  surrounded 
by  scar  tissue,  which,  except  when  the  motions  are  fluid, 
gives  something  approaching  control.  In  some  cases  the 
tendency  to  stenosis  is  so  decided  that  periodic  stretching 
may  be  called  for. 

Kocher's  Coccygeal  Operation— This  operation  is  ap- 
propriate in  cases  of  cancer  confined  to  the  ampulla  of 
the  rectum,  and  in  which  the  anal  portion  is  intact.  It 
is  being  more  and  more  practised  in  preference  to  that 
associated  with  the  name  of  Kraske  of  Freiburg,  in  which 
a  portion  of  the  sacrum  is  sacrificed.  Our  only  objection 
to  the  Kocher  and  Kraske  type  of  operation  is  that  no 
adequate  information  is  obtained  as  to  the  condition  of 
affairs  on  the  peritoneal  aspect  of  the  pelvic  floor,  and 
it  is  probably  the  case  that  many  persons  are  subjected 
to  this  operation  when  it  is  of  no  value  because  of  the 
presence  of  peritoneal,  lymphatic,  or  hepatic  metastases, 
which  preclude  the  possibility  of  a  radical  cure. 

The  patient  is  placed  in  the  exaggerated  lithotomy  or 
in  the  right  semi-prone  position.  The  anus  is  closed 
with  a  subcuticular,  circular  suture,  which  is  tied  very 
tightly.  The  incision  begins  one  inch  behind  the  anus, 
and  is  carried  back  in  the  median  groove  on  to  the 
sacrum.  The  dense  fascia  covering  the  coccyx  is  divided 
and  is  stripped  off  close  to  the  bone.  The  latter  is  then 
cut  through  at  its  base  with  bone-pliers  (Fig.  206). 

The  ano-coccygeal  fascia  is  split  in  the  middle  line, 
avoiding  the  transverse  fibres  of  the  sphincter,  and  the 
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portion  of  the  levator  aui  that  crosses  behind  the  rectum, 
which  is  of  importance  in  preserving  control  of  the 
anus.  This  fascia  gives  attachment  to  the  levator  ani, 
the  ischio-coccygeus,  and  the  coccygeus  muscles,  all  of 
which  are  pushed  aside  along  with  it  so  far  as  their 
attachments  to  the  coccyx  are  not  already  separated. 


Sphincter     Ano-coccygeal  fascia  Sacrum 


Levator  ani       Rectum  |        Fascia  covering 

Ano-coccj"geal  fascia  coccyx 

Fig.  206.  —Kocher's  Coccygeal  Operation,  1st  stage. 

When  the  fascia  has  been  sufficiently  divided  and 
separated,  blunt  dissection  with  the  fingers  is  com- 
menced, not  keeping  close  to  the  rectum,  but  removing 
the  surrounding  fat  and  glands  behind,  and  separating 
the  bowel  from  the  sacrum  and  on  either  side  from  the 
fascia  covering  the  obturator  internus  muscle  until  the 
fingers  can  be  passed  right  round  the  bowel. 

The  lateral  bundles  of  connective  tissue,  which  are 
rich  in  fat  and  contain  ihe  vessels,  and  which  help  to 
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hold  the  rectum  in  position,  are  hooked  up  on  the  finger 
and  ligated  on  the  proximal  side  with  the  aid  of  an 
aneurysm  needle ;  forceps  are  then  applied  on  the  distal 
side,  and  the  tissue  is  divided  between  the  forceps  and 
tlie  ligature. 

The  pouch  of  Douglas  is  opened  into  on  one  side  during 
the  lateral  dissection,  and  it  is  advisable  to  expose  and 
open  the  peritoneum  as  early  as  possible. 

By  introducing  the  finger  where  the  peritoneum  has 
been  opened  on  one  side  and  passing  it  round  in  front 
of  the  rectum,  the  other  side  can  easily  be  opened,  after 
which  the  peritoneum  may  be  freely  divided  in  front. 
Forceps  are  then  applied  to  the  edges  of  the  peri- 
toneum, which  are  subsequently  to  be  sutured.  The  rectum 
can  now  be  pulled  down  much  more  easily  (Fig.  207), 
the  lateral  bundle  of  vessels  from  the  superior  hsemor- 
rhoidal  artery  can  be  put  on  the  stretch,  ligated  on  the 
proximal  side,  and  caught  with  forceps  on  the  distal  side. 
A  loop  of  gauze  is  passed  round  the  rectum  and  used  to 
pull  it  down.  The  pelvic  colon  can  now  be  easily  dis- 
played, the  upper  part  of  it  being  covered  with  peritoneum 
and  showing  appendices  epiploicse. 

If  enough  cannot  be  pulled  down  to  admit  of  the 
bowel  being  clamped  well  above  the  growth,  the  vessels 
higher  up  in  the  meso-colon  are  hooked  down  from 
behind  and  divided  between  ligatures.  It  must  now 
be  determined  whether  the  healthy  colon  above  is  suffi- 
ciently free  to  allow  of  its  being  brought  down  to  the 
anal  ring  without  tension.  Two  pairs  of  crushing  forceps 
are  then  applied  well  above  the  disease,  and  in  the 
groove  left  after  removing  the  upper  pair  a  strong  silk 
hgature  is  tightly  tied,  after  which  the  gut  is  divided 
with  the  thermo-cautery  between  the  ligature  and  the 
lower  pair  of  forceps. 

The  bowel,  together  with  the  new  growth,  is  now 
drawn  backwards,  covered  with  gauze,  and  completely 
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freed  by  blunt  dissection  and  scissors  as  far  as  the  anal 
portion.  In  women  this  is  usually  easy,  but  in  men  an 
instrument  must  be  passed  along  the  urethra  to  render 
safer  the  dissection  from  the  prostate. 

After  all  bleeding  has  been  arrested  two  pairs  of 
crushing  forceps  are  applied  to  the  anal  portion  of  the 

Pouch  of  Douglas  opened         Superior  hsemor- 
,  rhoidal  vessels  tied 

I 

I 


Fig.  207. — Kocher's  Coccygeal  Operation,  2nd  stage. 


gut  well  below  the  tumour  and  the  bowel  is  cut 
across  between  them,  thus  completing  the  excision.  The 
suture  introduced  at  the  commencement  of  the  operation 
to  occlude  the  anus  is  now  cut,  and  the  anal  canal  is 
dilated  with  the  finger.  The  upper  end  of  the  bowel 
is  now  pulled  down  by  means  of  the  ligature  previously 
applied  to  it,  so  that  it  is  partly  invaginated  into  the 
anal  portion,  to  which  it  is  stitched  by  a  double  row  of 
sutures,  and  this  must  be  done  without  the  slightest 
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teosiou  so  as  to  avoid  the  risk  of  graagrene  from  inter- 
ference with  the  blood  supply,  and,  to  ensure  firm  union, 
the  sutures  ought  to  be  passed  through  the  whole  thick- 
ness of  the  gut.  The  mucosa  of  the  anal  canal  should 
be  preserved  intact,  as  it  is  essential  for  maintaining  the 
reflex  mechanism  of  defsecation.  The  posterior  wound 
is  next  packed  with  gauze.  The  ligature  securing  the 
upper  end  of  the  gut  may  now  be  removed,  or  it  may 
be  left  in  position  for  twenty-four  or  forty-eight  houi's. 

In  weak  subjects  we  have  found  it  advantageous  to 
perform  this  operation  in  stages,  after  the  manner  of 
resecting  the  colon  by  the  method  of  Mikulicz.  The 
rectum  and  pelvic  colon  along  with  the  tumour  having 
been  entirely  freed  from  their  surroundings,  but  being 
still  in  continuity  with  the  bowel  above  and  below,  are 
brought  out  at  the  wound  in  the  form  of  a  loop,  the  two 
limbs  of  which  are  united  to  one  another  with  catgut 
sutures.  The  loop  is  enveloped  in  a  sheet  of  dental 
rubber  and  the  rest  of  the  wound  is  packed.  Some  days 
later  the  bowel  containing  the  tumour  is  removed  with 
the  thermo-cautery,  and  after  a  further  interval  the 
open  ends  are  brought  together.  There  can  be  no 
doubt  that  this  method  saves  bleeding  and  diminishes 
not  only  the  shock  but  also  the  risk  of  septic  infection. 
There  is  also  much  less  risk  of  gangrene. 

The  Combined  Abdomino-perineal  Operation. — In  cases 
of  cancer  involving  the  upper  part  of  the  rectum  and 
the  lower  part  of  the  pelvic  colon,  this  operation,  although 
a  severe  one,  presents  many  advantages.  One  of  the 
chief  of  these  is  that,  as  the  first  step  consists  in  open- 
ing the  abdomen,  it  is  possible  to  make  a  thorough 
examination  of  the  interior  of  the  pelvis,  to  determine 
the  upper  limits  of  the  growth,  and  to  discover  whether 
or  not  the  lymphatics  and  peritoneum  are  infected.  It 
can  thus  be  decided  at  the  outset  whether  an  attempt 
should   be  made  to  perform  a  radical   operation,  or 
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whether  one  should  be  content  with  a  palliative  colos- 
tomy. Quenu,  in  1897,  was  largely  responsible  for  in- 
troducing this  operation,  but  his  original  proposal  that 
both  internal  iliac  arteries  should  be  ligated  before 
proceeding  to  remove  the  bowel  has  not  been  accepted. 
The  operation  may  be  completed  at  one  sitting,  or  it 
may  be  performed  in  two  stages, — the  intraperitoneal 
portion  being  done  one  day  and  the  perineal  portion 
some  days  later. 

The  patient  is  placed  in  the  Trendelenburg  posture, 
the  abdomen  is  opened  by  an  incision  made  in  the 
middle  line  from  the  umbiUcus  to  the  pubes,  and  a  self- 
retaining  abdominal  retractor  is  placed  in  position.  If 
the  access  is  still  inadequate,  and  this  is  apt  to  be  the 
case  in  the  male,  the  recti  muscles  may  be  cut  across. 
The  next  step  consists  in  exploring  the  pelvis,  and  ex- 
amining the  liver  for  secondary  deposits  (Charles  Mayo) 
to  decide  whether  the  case  is  suitable  for  the  radical 
operation. 

If  it  is  decided  to  proceed,  the  small  intestine  is 
packed  aside  and  the  pelvic  colon  drawn  out  at  the 
wound  and  divided  between  two  clamps,  usually  at  the 
level  of  the  promontory  of  the  sacrum.  The  meso-colon 
is  divided  sufficiently  to  permit  of  the  upper  end  of  the 
gut,  after  its  stump  has  been  ligated  and  invaginated, 
being  brought  out  through  a  special  opening  in  the  left 
ihac  fossa,  with  the  object  of  forming  a  permanent 
artificial  anus. 

The  lower  end  of  the  gut  is  also  securely  closed,  so 
as  to  prevent  leakage  from  it  during  the  subsequent  steps 
of  the  operation.  It  is  wrapped  in  gauze  and  is  drawn 
forwards  to  put  the  superior  haemorrhoidal  artery  and 
vem  on  the  stretch,  and  these  vessels  are  divided  between 
tv/o  ligatures  as  they  lie  in  the  lumbo-sacral  part  of  the 
meso-colon. 

The  peritoneum  is  next  divided  by  incisions  which 
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extend  down  into  the  pelvis,  one  on  either  side  of  the 
parietal  attachment  of  the  pelvic  meso-colon  and  at  least 
half  an  inch  distant  from  it,  until  the  recto-vesical 
pouch  is  reached,  when  they  are  carried  round  the  lateral 
aspects  of  the  pelvic  wall  to  meet  again  in  front  just 
behind  the  base  of  the  bladder. 

By  blunt  dissection  with  the  gloved  fingers,  the  colon, 
together  with  the  fat  and  glands,  are  stripped  down- 
wards from  the  hollow  of  the  sacrum  as  far  as  its 
junction  with  the  coccyx,  and  in  doing  this  the  middle 
sacral  artery  may  be  seen  and  ligated.  A  similar  blunt 
dissection  is  carried  out  anteriorly,  and  the  parts  to  be 
removed  are  thus  detached  from  the  bladder  as  far  as  the 
prostate. 

In  separating  the  lateral  attachments  of  the  gut,  care 
must  be  taken  to  avoid  injuring  the  left  ureter,  which 
adheres  closely  to  the  peritoneum  as  it  skirts  the  wall  of 
the  pelvis.  The  lateral  ligaments  and  middle  hemor- 
rhoidal vessels  are  divided,  and  the  resection  is  com- 
pleted down  to  the  upper  surface  of  the  levatores  ani. 
All  the  detached  structures  are  now  displaced  into  the 
lowest  part  of  the  pelvis  and  are  covered  with  large 
pads  of  moist  gauze,  and  the  wound  in  the  abdomen  is 
closed.  If  the  operation  is  to  be  done  in  two  stages, 
the  separated  bowel  is  covered  with  a  sheet  of  rubber 
dam,  and  the  peritoneal  cavity  may  be  shut  off  at  once, 
the  bladder  in  the  male  being  utilised  in  doing  so.  The 
artificial  anus  is  established  in  the  left  iliac  region. 

if  the  operation  is  to  be  completed  at  once,  the  patient 
is  now  placed  in  the  lithotomy  position,  and,  after  the 
arial  orifice  has  been  closed  with  a  circular  suture,  a  deep 
incision  is  carried  round  the  anal  margin,  and  the  perineal 
portion  of  the  rectum,  with  its  muscles  and  fat,  is  dis- 
sected free  from  the  urethra  and  prostate,  or  from  the 
vagina.  This  dissection  extends  up  to  and  through 
the  levatores  ani,  which  form  the  boundary  between  the 
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upper  and  lower  dissections,  until  the  surgeon  is  able  to 
grasp  the  parts  separated  above  and  remove  them  through 
the  lower  wound. 

The  perineal  wound  is  narrowed  down  so  that  there 
is  only  room  for  a  drain  of  rubber  tissue.  The  surgeon, 
after  changing  his  gloves,  re-opens  the  abdominal  wound, 
and  with  the  greatest  possible  care  covers  over  the  sur- 
faces which  have  been  deprived  of  peritoneum,  otherwise 
when  coils  of  small  intestine  return  to  the  pelvis  ad- 
hesions are  liable  to  form  and  lead  to  intestinal  obstruc- 
tion. What  remains  of  the  sigmoid  loop  is  placed  over 
part  of  the  raw  surface,  and  in  the  female,  the  body  of 
the  uterus  and  the  broad  ligaments  are  adjusted  so  as 
to  aid  in  covering  the  gap.  The  artificial  anus  is  then 
established  and  the  mesial  abdominal  wound  is  closed. 

The  same  operation  may  be  undertaken  without  form- 
ing a  permanent  artificial  anus  in  the  abdominal  wall, 
although  hitherto  this  modification  has  been  attended 
with  a  slightly  higher  mortality.  If  the  colon  is  to  be 
brought  down  to  the  normal  position  of  the  anus  certain 
points  must  be  attended  to.  After  the  abdomen  has 
been  opened  and  the  small  intestine  packed  off,  it  is 
important  to  ligate  the  inferior  mesenteric  artery  between 
the  origins  of  the  left  colic  and  the  sigmoid  branches 
(Fig.  208),  as  the  latter  are  of  great  importance  in 
maintaining  the  anastomosis  in  the  mesentery  of  the 
colon  which  is  to  be  displaced. 

There  is  some  difference  of  opinion  as  to  how  the 
inferior  mesenteric  should  be  exposed.  Moynihan  and 
others  divide  the  left  layer  of  the  meso-colon  and  strip 
the  mesentery  and  bowel  inwards.  We  have  found  it 
easier  to  divide  the  right  layer  of  the  meso-colon.  Fig. 
208  shows  the  exposure  not  only  of  the  inferior 
mesenteric  artery  and  its  branches,  but  also  the  left 
ureter.  The  opposite  layer  of  the  meso-colon  remains 
to  be  divided  and  then  the  site  of  division  of  the  colon 
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is  determined  upon,  necessarily  well  above  the  disease, 
usually  opposite  the  promontory.  It  is  doubly  clamped 
and  divided,  and  both  stumps  are  ligated  and  invaginated 
and  wrapped  in  gauze.  The  steps  for  removal  of  the 
cancerous  segment  of  the  colon  and  rectum  are  the  same 
as  have  already  been  described. 


Left  ureter 


Sup.  hfeniorrhoidal 
Right  layer  of  pelvic  meso-  artery 
colon,  divided 

Fig.  208. — First  Stage  in  Abdoniino-perineal  Operation.    Exposure  of 
Inferior  Mesenteric  Artery  and  Left  Ureter. 
(The  body  is  lying  on  its  back  and  the  surgeon  is  looking  from  the  right  side. ) 

There  is  a  choice  of  method  in  dealing  with  the  parts 
that  remain.  The  simplest  is  to  bring  the  end  of  the 
colon  out  with  forceps  at  the  wound  in  the  perineum 
and  fix  it  to  the  skin  in  the  natural  position  of  the  anus 
by  several  points  of  suture  ;  the  ligature  closing  it  is 
not  cut  for  two  or  more  days.  The  alternative,  when 
there  is  sufficient  gut  below  for  the  purpose,  is  to  join 
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the  pelvic  colon  to  what  is  left  of  the  lower  part  of  the 
rectum,  and  thus  conserve  to  a  greater  extent  the 
function  of  the  lower  bowel.  The  junction  is  best 
effected  by  the  invagination  method.  A  rubber  tube 
three-quarters  of  an  inch  in  diameter,  with  a  lateral  as 
well  as  a  terminal  opening,  is  passed  through  the  anus 
and  lower  part  of  the  rectum  and  into  the  open  end  of 
the  colon  for  about  three  inches,  where  it  is  fixed  by 
means  of  a  lateral  catgut  suture  half  an  inch  above  the 
cut  end  of  the  bowel.  The  end  of  the  tube  projecting 
from  the  anus  is  drawn  upon  until  the  cut  ends  of  the 
bowel  meet.  Interrupted  catgut  sutures  unite  them  end 
to  end,  special  care  being  taken  to  co-apt  the  mucous 
membrane  accurately.  The  tube  is  again  pulled  upon 
till  half  an  inch  of  intussusception  is  produced,  and 
a  second  row  of  sutures,  sero-muscular  this  time,  is 
inserted.  The  tube  is  left  in  position,  and  comes  away 
of  itself  in  from  four  to  six  days  after  the  catgut  has 
been  absorbed  (Donald  C.  Balfour,  Rochester). 

OPERATIONS  FOR  HEMORRHOIDS 

It  is  only  necessary  to  refer  to  three  of  the  many 
operative  procedures  that  have  been  suggested  for  the 
treatment  of  internal  piles :  ligation,  excision,  and  clamp 
and  cautery.  Two  or  three  days  before  the  operation 
the  bowels  should  be  freely  opened  by  castor  oil,  and 
no  solid  food  should  be  taken  thereafter.  The  evening 
before  the  operation  the  bowel  should  be  washed  out 
with  a  simple  enema  or  with  boracic  lotion. 

The  Ligature. — This  method  is  specially  adapted  to 
pedunculated  piles.  The  neck  of  each  pile  is  grasped  by 
strong  crushing  forceps,  and  in  the  groove  left  after 
removal  of  the  forceps  a  catgut  ligature  is  securely 
tied.  The  remainder  of  the  pile  is  then  cut  away  with 
scissors. 
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If  the  pedicle  is  broad  and  there  is  danger  of  the 
ligature  slipping  off,  the  base  of  the  pile  may  be  trans- 
fixed with  a  catgut  suture  on  a  round  needle,  and  tied  in 
two  halves  or  by  a  Staffordshire  knot.  Redundant  folds 
of  skin  around  the  anus  should  be  snipped  off  with 
scissors,  and  the  skin  edge  stitched  to  the  mucous 
membrane. 

Excision. — The  method  we  prefer  is  that  suggested 
by  Mitchell  of  Belfast,  which  consists  in  clamping  the 
base  of  each  pile  with  a  pair  of  Kocher's  artery  forceps 
applied  in  the  long  axis  of  the  bowel,  and,  after  cutting 
off  the  redundant  portion  of  the  pile,  introducing  a  con- 
tinuous catgut  suture  which  includes  the  clamp  and  the 
tissues  around  the  base  of  the  pile.  Just  before  tighten- 
ing up  the  suture,  the  clamp  is  removed.  The  suture 
not  only  arrests  all  bleeding,  but  also  closes  the  wound, 
so  that  healing  takes  place  more  rapidly,  and,  no  raw 
surface  being  left,  the  bowels  may  be  encouraged  to  move 
from  the  third  day. 

Excision  of  the  Pile-bearing  Area  o£  Mucous  Membrane. 
—  Whitehead's  Operation. — After  the  piles  are  protruded, 
an  incision  is  carried  round  the  circumference  of  the 
anus  separating  the  mucous  membrane  from  the  skin. 
The  mucous  membrane  on  one  side  is  grasped  with 
forceps  and  pulled  down,  and  the  whole  pile-bearing  area 
is  separated  from  the  submucous  tissue  by  blunt  dissec- 
tion. As  a  rule,  the  varicose  masses  can  easily  be 
separated  from  the  sphincter.  When  the  upper  limit  of 
the  piles  is  reached,  the  healthy  mucous  membrane  is 
divided  transversely,  and  is  at  once  pulled  down  and 
stitched  with  interrupted  catgut  sutures  to  the  anal 
margin.  After  the  whole  of  the  affected  mucosa  on  one 
side  has  been  removed  and  the  healthy  mucous  membrane 
sutured  to  the  skin  around  the  anus,  the  other  side  is 
similarly  dealt  with. 

The  operation  is  attended  with  considerable  loss  of 
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blood,  and  when  the  piles  are  large  and  reach  far  up 
the  bowel  it  may  be  followed  by  the  formation  of  a 
circular  cicatrix  leading  to  stenosis  of  the  anal  canal. 
Whitehead's  operation,  therefore,  should  be  restricted  to 
specially  selected  cases. 

Clamp  and  Cautery. — This  method  is  specially  applic- 
able to  cases  in  which  the  piles  are  friable  and  inflamed. 
Each  pile  is  drawn  down  with  forceps,  and  the  clamp  is 
applied  at  its  base  in  a  line  radiating  from  the  centre  of 
the  anus.  The  pile  having  been  crushed  by  screwing 
up  the  clamp,  the  projecting  portion  is  burned  off  flush 
with  the  blade  by  means  of  a  cautery  at  a  dull  red  heat. 
If  there  is  any  bleeding  after  the  clamp  is  unscrewed, 
it  should  be  tightened  up  again  and  the  cautery  re- 
applied. 

After  any  one  of  these  operations,  a  suppository 
containing  bismuth  and  a  quarter  to  half  a  grain  of 
morphin  is  introduced  into  the  rectum,  and  a  dressing 
of  gauze  smeared  thickly  with  vaseline  applied  and 
retained  in  position  by  a  T-shaped  bandage. 
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OPERATIONS  ON  THE  LIVER 

Operations  on  the  Liver  :  Access  by  Abdominal  Route ;  by 
Transpleural  route  ;  Operations  for  Traumatic  Lesions  ;  Resec- 
tion for  Tumour  ;  Operative  Treatment  of  Cirrhosis. 

Access  to  the  liver  may  be  obtained  from  the  front — 
the  abdominal  route,  or  from  the  side  or  posteriorly — the 
transpleural  route. 

The  Abdominal  Route— Any  of  the  incisions  used  to 
expose  the  gall  bladder  and  bile  ducts  may  be  employed, 
preferably  that  which  runs  from  the  costal  margin  to 
the  umbilicus,  and  the  access  may  be  improved  by 
dividing  the  sixth  and  seventh  ribs  at  their  junction 
with  their  cartilages.  In  operating  by  this  route  for 
hepatic  abscess,  the  affected  portion  of  the  right  lobe 
of  the  liver  is  found  to  be  projected  downwards,  and  in 
the  great  majority  of  cases  adhesions  will  have  formed 
between  it  and  the  parietal  peritoneum. 

The  Transpleural  Route  is  indicated  when  access  is 
desired  to  the  upper  part  of  the  right  lobe  of  the  liver 
or  to  the  right  subphrenic  space.  The  operation  is 
described  at  p.  375. 

Operations  for  Traumatic  Lesions  of  the  Liver.— In 
penetrating  wounds  it  is  usually  necessary  to  enlarge  the 
parietal  wound  to  obtain  sufficiently  free  access  to  arrest 
htemorrhage,  remove  a  foreign  body,  or  repair  any  damage 
done  to  adjacent  viscera.  For  suhcutaneous  rupture,  the 
liver  is  exposed  by  one  or  other  of  the  incisions  already 
described. 
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The  rupture  having  been  exposed,  the  hsemorrhage 
may  in  some  cases  be  temporarily  arrested  by  compress- 
ing the  vessels  in  the  gastro-hepatic  omentum  between 
the  fingers  and  thumb,  one  of  these  being  passed  into 
the  foramen  of  Winslovv. 

To  arrest  the  heemorrhage  permanently,  if  the  bleeding 
vessels  cannot  be  secured  with  forceps  and  ligated,  the 
edges  of  the  wound  or  .  tear  should  be  brought  together 
with  a  series  of  stout  catgut  sutures  passed  deeply 
through  the  liver  substance  with  a  round  needle,  and  a 
few  fine  catgut  or  silk  sutures  passed  through  the  torn 
capsule.  If  the  bleeding  cannot  be  stopped  in  this  way, 
the  wound  in  the  liver  must  be  firmly  packed  with  long 
strips  of  gauze,  the  ends  of  which  are  brought  out  at  the 
parietal  wound.  Sometimes  a  combination  of  suturing 
and  packing  is  necessary. 

Resection  of  the  Liver  for  Tumour. — Eesection  of  the 
liver  for  tumour  should  only  be  undertaken  when  the 
growth  is  primary  and  solitary,  when  its  margins  are 
clearly  defined,  when  there  is  reasonable  certainty  that 
the  whole  of  the  tumour  can  be  removed,  and,  in  malig- 
nant cases,  when  a  sufficient  margin  of  healthy  tissue 
can  also  be  cut  away  to  make  recurrence  improbable. 
In  the  majority  of  cases  the  growth  is  situated  in  the 
neighbourhood  of  the  gall-bladder,  and  is  secondary  to 
the  long-continued  irritation  of  gall-stones. 

The  portion  of  the  liver  which  is  the  seat  of  the  growth 
is  exposed  by  a  free  incision,  and  the  surrounding  parts 
are  packed  off  with  gauze.  To  secure  a  bloodless  resection, 
several  methods  of  operating  have  been  practised.  One 
of  these  is  to  pass  a  series  of  interlocking  sutures  through 
the  liver  along  a  line  well  beyond  the  limits  of  the  growth. 
After  the  stitches  have  been  tightly  drawn,  the  liver 
substance  is  divided  between  the  line  of  sutures  and  the 
base  of  the  tumour.  The  cut  edges  of  the  liver  are 
then  brought  together  by  deep  sutures  of  thick  catgut, 
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and  a  roll  of  dental  rubber  is  fixed  to  the  site  of  resection 
and  brought  out  at  the  wound.  Keen  recommends 
the  Paqueliu  cautery  as  the  best  means  of  dividing  the 
liver  substance. 

The  simplest  of  all  methods  is  the  excision  of  a  wedge- 
shaped  portion  of  the  liver,  the  ligation  of  all  the  bleeding 
points  exposed  on  the  cut  surfaces,  and  the  approximation 
of  these  by  deeply  placed  interrupted  sutures.  During 
the  operation,  the  assistant  controls  the  haemorrhage  by 
grasping  the  organ  with  one  hand  on  each  side  of  the 
line  of  "incision,  or  by  compressing  the  vessels  in  the 
gastro-hepatic  omentum  at  the  foramen  of  Winslow. 

The  Operative  Treatment  oi  Cirrhosis  o£  the  Liver  — 
The  treatment  by  operation  of  ascites  due  to  cirrhosis  of 
the  liver  was  proposed  by  Talma  of  Utrecht,  and  was 
first  successfully  carried  out  by  Rutherford  Morison,  in 
189  5.  The  object  of  the  operation  is  to  promote  the 
formation  of  additional  vascular  anastomoses  between 
the  systemic  and  portal  circulations,  and  this  is  attained 
by  suturing  the  great  omentum  to  the  anterior  abdominal 
wall,  and  by  exciting  the  formation  of  adhesions  between 
the  liver,  spleen,  and  parietal  peritoneum.  In  all  the 
adhesions  so  formed,  vascular  channels  are  soon  established. 

The  abdomen  is  opened  by  an  incision  in  or  near 
the  middle  line  between  the  xiphoid  cartilage  and  the 
umbilicus.  The  ascitic  fluid  is  allowed  to  escape,  and 
what  remains  of  it  within  the  abdomen  is  mopped  up 
with  gauze,  care  being  taken  that  no  free  fluid  is  left 
anywhere  in  the  abdomen  or  pelvis.  The  upper  surface 
of  the  liver  is  then  brought  into  view,  and  is  vigorously 
rubbed  with  gauze  until  a  brisk  reaction  is  excited,  and 
the  spleen  is  treated  in  a  similar  manner.  The  great 
omentum  is  either  sutured  witli  catgut  to  the  parietal 
peritoneum,  which  is  previously  irritated  by  being 
rubbed  with  gauze,  or  it  is  brought  out  and  inserted  into 
a  space  made  for  it  between  the  rectus  muscle  aud  the 


OPERATION  FOR  CIRRHOSIS  OF  LIVER  483 


posterior  layer  of  its  sheath.  A  drainage  tube  is  inserted 
through  a  separate  opening  above  the  pubes  to  prevent 
the  reaccumulation  of  fluid  while  adhesions  are  forming, 
but  it  must  not  be  left  in  longer  than  a  few  days,  as 
there  is  considerable  risk  of  its  allowing  the  entrance  of 
septic  infection.  We  have  found  it  an  advantage  to 
insert  the  suprapubic  drain  as  the  first  step  of  the 
operation.  If  the  ascites  relapses,  recourse  is  had  to 
tapping,  and  if  this  fails  the  operation  may  be  repeated. 
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OPERATIONS  ON  THE  GALL-BLADDER  AND 
BILE  DUCTS 

Pkeliminaries.  Operation  to  Explore  the  Gall-Bladder  akd 
Bile  Ducts.  Cholecystostomy.  Cholecystectomy.  Chole- 
DOCHOTOMY  :  Supra-duodenal ;  Retro-duodenal ;  Trans-duodenal. 
Cholecyst-enterostomy. 

These  operations  are  performed  to  relieve  mechanical 
obstruction  to  the  passage  of  the  bile,  the  most  common 
cause  of  which  is  gall-stones,  or  to  empty  and  drain 
infective  accumulations  in  the  gall-bladder  or  bile 
ducts. 

The  access  to  the  deeper  part  of  the  gall-bladder  and 
bile  ducts  is  greatly  improved  if  a  firm  cushion  or 
sand-bag  about  8  inches  long,  6  inches  wide,  and  3 
to  4  inches  deep  is  placed  behind  the  patient's  back 
opposite  the  liver;  the  spine  is  thus  pushed  forwards 
and  with  it  the  liver,  so  that  the  bile  ducts  are  brought 
several  inches  nearer  the  surface,  and  in  a  thin  person 
may  almost  be  brought  up  to  the  level  of  the  wound. 
The  opening  out  of  the  costal  angle  also  tends  to  favour 
a  downward  movement  of  the  intestines  away  from  the 
liver  (Mayo-Robson). 

Operation  to  Expose  the  GaU-Bladder  and  BUe  Ducts.— 
Of  the  various  incisions  available  to  expose  the  gall- 
bladder and  bile  ducts,  we  prefer  one  which  passes  from 
the  costal  margin  opposite  the  angle  between  the  ninth 
costal  cartilage  and  the  outer  edge  of  the  rectus 
obliquely  downwards  towards  the  umbilicus,  because  it 
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involves  least  danger  to  the  nerve  supply  of  the  rectus 
muscle  (Fig.  15G). 

Mayo  Kobson  recommends  a  vertical  incision  in  the 
middle  of  the  right  rectus,  which  may  be  prolonged 
upwards  and  inwards  between  the  costal  margin  and  the 
xiphoid  cartilage  if  more  room  is  required.  Kocher's 
incision,  which  is  made  parallel  with  the  costal  margin 
and  about  two  fingers'  breadth  from  it,  gives  good  access, 
but  in  our  experience  is  more  liable  to  be  followed  by 
hernia. 

The  peritoneal  cavity  having  been  opened,  the  colon, 
omentum  and  pyloric  end  of  the  stomach  which  present 
at  the  wound  are  displaced  downwards  and  inwards,  and 
packed  off  with  large  pads  of  gauze.  A  special  pad  of 
gauze  is  placed  in  the  right  kidney  pouch,  filling  up  the 
space  between  the  abdominal  wall  on  the  outer  side  and 
the  common  duct  and  duodenum  on  the  inner  side.  In 
many  cases  the  further  steps  of  the  operation  can  be 
facilitated  if  the  liver  is  displaced  by  first  drawing  it 
downwards  from  under  cover  of  the  ribs  and  then 
rotating  it  so  that  the  under  surface  looks  forwards,  or 
forwards  and  upwards  (Fig.  209).  By  this  manoeuvre  the 
gall-bladder  and  the  cystic  and  common  ducts  are  not  only 
brought  much  nearer  the  surface,  but  they  are  made  to 
form  a  straight  passage  from  the  entrance  of  the  cystic 
duct  to  the  ampulla  of  Vater.  The  liver  is  maintained  in 
this  position  by  traction  exercised  by  the  assistant  either 
on  the  fundus  of  the  gall-bladder  or  on  the  liver  itself. 

The  gall-bladder,  the  bile  ducts,  the  pancreas,  and 
other  parts  in  the  vicinity  are  _  then  investigated,  and 
according  to  what  is  found,  the  further  procedure  is 
decided  upon. 

After  the  intraperitoneal  part  of  the  operation  lias 
been  completed,  the  pillow  should  be  removed  from 
beneath  the  back  before  the  wound  in  the  parietes  is 
stitched. 
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Cholecystostomy.  —  This  operation,  which  consists  in 
opening  the  gall-bladder,  usually  for  the  purpose  of 
establishing  drainage  of   the  bile  passages,  was  first 
performed  by  Lawson  Tait.    If  the  gall-bladder  is  of 
normal  size,  and  still  more  if    it  is  distended,  the 
operation  is  an  easy  one,  as  the  fundus  can  be  brought 
out  at  the  wound,  after  which  it  is  surrounded  with 
gauze,  or,  still  better,  is  pulled  through  an  opening  in 
the  centre  of  a  sheet  of  dental  rubber,  to  diminish  the 
risk  of  leakage  of  its  contents  into  the  abdomen.  An 
exploring  needle  is  thrust  into  the  fundus,  and  the  fluid 
contents  are  withdrawn.    On  either  side  of  the  puncture, 
the  fundus  is  pinched  up  with  catch  forceps  to  steady 
the  bladder  and    hold   it  forwards,  and   the  needle 
puncture  is  enlarged  with  scissors  until  an  opening  half 
an  inch  to  an  inch  in  length  is  made.    The  forceps, 
which  grasped  the  whole  thickness  of  the  bladder  at 
each  side  of  the  puncture,  are  now  removed,  and  re- 
applied so  that  only  the  edges  of  the  opening  are  caught. 
If  gall-stones  are  present,  they  are  removed  with  the 
gall-stone  scoop,  and  when  all  the  stones  that  can  be 
felt  with  the  scoop  have  been  removed,  the  forceps  on 
the  edges  are  crossed  so  as  to  close  the  opening,  and  the 
fundus  is   wrapped  in  gauze.    The  swabs  that  were 
placed  beneath  the  bladder  are  now  removed,  and,  while 
the  bladder  is  held  in  the  left  hand,  the  fingers  of 
the  right  hand  are  slipped  along  the  under  surface 
and  the  ducts  thoroughly  explored.    If  a  stone  is  felt 
in  the  cystic  or  hepatic  duct,  an  attempt  is  made  to 
displace    it  into   the  gall-bladder.     If  any  difficulty 
is  experienced  in  doing  this,  the  scoop  should  be  re- 
introduced and  manipulated  under  the  guidance  of  the 
fingers  outside.    Finally,  a  large  probe  is  passed  along 
the  ducts  as  far  as  the  ampulla  of  Vater  to  ensure 
that  the  channel  is  clear.    A  thick-walled  rubber  tube 
about  a  third  of  an  inch  in  diameter  is  pushed  for  about 
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two  inches  into  the  gall-bladder,  and  secured  by  a 
purse-string  suture  of  catgut.  The  possibility  of  leakage 
taking  place  along  the  side  of  the  tube  is  diminished  if 
the  wall  of  the  bladder  is  invaginated  as  in  a  Senn's 
gastrostomy,  by  a  second  purse-string  suture  (Fig.  209), 
or  by  over  and  over  stitches  as  in  a  Kader's  gastrostomy. 
If  the  wall  of  the  gall-bladder  is  thickened  and  con- 


FiG.  209.— Cholecystostoiuy  ;  securing  Drainage  Tube  in  Fundus  of 

Gall-Bladder. 


tracted,  it  is  impossible  to  carry  out  either  of  these 
procedures,  and  we  have  seen  no  drawback  from  omitting 
them,  nor  do  we  think  it  necessary  to  stitch  the  gall- 
bladder to  the  parietal  peritoneum. 

The  tube  is  brought  out  through  the  dressing  and 
drains  the  bile  into  a  bottle  beside  the  patient,  and  is 
retained  from  eight  to  fourteen  days,  according  to  the 
severity  of  the  cholecystitis.  Even  when  all  the  ob- 
structing stones  have  been  removed,  the  bile  may  not 
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flow  freely  at  the  conclusion  of  the  operation,  and  some- 
times one  or  two  days  may  elapse  before  there  is  a  free 
flow. 

When  a  stone  is  very  firmly  impacted  in  the  cystic 
duct,  as  forcible  attempts  to  displace  it  entail  the  risk  of 
rupturing  the  duct,  it  is  better  to  cut  down  upon  the 
stone  directly  and  remove  it  through  the  incision.  If 
possible,  the  opening  in  the  duct  is  closed  by  sutures, 
and  the  tube  used  to  drain  the  gall-bladder  is  passed 
beyond  the  opening  in  the  duct.  In  some  cases  it  is 
found  necessary  to  lay  the  whole  gall-bladder  open  on 
its  under  surface,  in  which  case  it  is  better  to  remove 
the  gall-bladder  than  to  attempt  to  drain  it. 

In  long-standing  cases  of  cholelithiasis,  the  operation 
for  the  removal  of  stones  from  the  gall-bladder  is  often 
rendered  difficult  because  of  the  shrunken,  contracted 
condition  of  the  bladder  and  the  presence  of  adhesions 
binding  it  to  adjacent  viscera,  In  separating  the 
adhesions,  great  care  must  be  taken  not  to  open  up  a 
fistulous  communication  between  the  gall-bladder  and 
the  stomach  or  intestine,  from  which  leakage  may  take 
place  and  set.  up  peritonitis. 

As  the  contracted  condition  of  the  gall-bladder  pre- 
vents it  being  brought  to  the  surface,  its  wall  must  be 
incised  where  it  is  stretched  over  the  stone.  A  rubber 
tube  is  then  inserted  and  fixed  in  position,  as  already  de- 
scribed. If  there  has  been  much  separation  of  adhesions 
and  leakage  of  the  contents  of  the  gall-bladder,  a  second 
tube  should  be  inserted  to  drain  the  right  kidney 
pouch. 

Cholecystectomy.—The  operation  of  excising  the  gall 
bladder  is  chiefly  called  for,  when,  on  investigation,  the 
cystic  duct  is  found  to  be  stenosed  or  obliterated.  Ex- 
cision having  been  decided  upon,  the  removal  of  the 
gall-bladder  may  be  commenced  at  either  extremity. 
In  the  absence  of  adhesions,  we  prefer  to  commence  the 
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dissection  by  isolating  the  cystic  duct,  which,  along  with 
its  companion  artery,  is  clamped  with  two  pairs  of  for- 
ceps and  cut  between  them.  The  right  forefinger  is 
then  used  as  a  blunt  dissector  to  raise  the  gall-bladder 
from  its  bed,  and,  when  it  has  been  separated,  the  peri- 
toneum on  either  side  is  divided  with  scissors  about 
half  an  inch  from  its  reflection  on  to  the  liver.  The 


Fig.  210.— Cholecystectomy,  1st  Stage. 

cut  end  of  the  cystic  duct  and  the  cystic  artery  are 
ligated,  and  the  stump  is  buried  by  bringing  the  cut 
edges  of  the  peritoneum  over  it.  The  raw  surface  from 
which  the  bladder  was  removed  is  then  covered  in  by 
bringing  the  cut  edges  of  the  peritoneum  together  with 
a  continuous  suture  (Fig.  211).  If,  owing  to  the 
presence  of  infection,  drainage  is  called  for,  a  rubber 
tube  is  inserted  into  the  hepatic  duct  through  the  stump 
of  the  cystic  duct,  and  secured  there  by  means  of  a  purse- 
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string  suture.  In  any  case  a  drain  should  be  inserted 
down  to  the  closed  end  of  the  duct 

Choledochotomy. — Choledochotomy,  or  incision  of  the 
common  bile  duct,  is  called  for  to  remove  an  obstruction, 
usually  gall-stones,  or  to  provide  drainage  in  cases  of 
infective  cholangitis.    The  duct  may  be  exposed  above 


Fig.  211.— Cholecystectomy,  2nd  Stage. 

the  duodenum,  behind  the  duodenum,  or  from  within  the 
duodenum. 

Sitpra-duodenal  GholcdocJiotomy.— The  area  of  operation 
ia  freely  exposed  through  one  or  other  of  the  incisions 
already  described.  The  colon,  omentum,  and  stomach 
are  packed  off,  adhesions  are  separated,  and  the  liver  is 
drawn  downwards  and  forwards  to  bring  the  duct  nearer 
the  surface  and  into  a  straight  line  with  the  gall-bladder. 
The  line  of  the  duct  is  then  explored  with  the  fingers, 
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and  if  a  gall-stone  is  felt,  it  is  fixed  between  the  fingers 
and  thumb,  and  the  wall  of  the  duct  incised  in  its  long 
axis.  After  the  stone  has  been  extruded,  the  cut  edges 
of  the  duct  are  seized  with  toothed-forceps,  and  a 
scoop,  or,  if  the  duct  is  sufficiently  dilated,  the  finger 
also,  is  passed  up  and  down  the  duct  till  it  is  certain 
that  all  the  concretions  have  been  removed.  The  bile 
that  escapes  during  these  manipulations,  being  infective, 
must  be  mopped  up  as  it  flows.  Before  the  operation 
is  completed,  a  large  probe  should  be  passed  down  into 
the  duodenum  to  make  quite  sure  that  the  passage  is 
free. 

Drainage  is  provided  for  by  pushing  a  rubber  tube 
along  the  common  duct  upwards  into  the  hepatic  duct, 
and  fixing  it  in  position  by  a  catgut  suture,  which  trans- 
fixes the  tube  and  the  cut  edge  of  the  duct.  The  re- 
mainder of  the  opening  in  the  duct  is  closed  with  a  fine 
catgut  stitch,  and  the  drainage  tube  is  brought  out  at 
the  lower  part  of  the  abdominal  wound,  or  through  a 
stab  wound  in  the  loin.  A  second  tube  may  with  ad- 
vantage be  employed  to  drain  the  right  kidney  pouch ; 
this  is  removed  in  forty-eight  hours,  that  in  the  bile 
duct  in  eight  or  ten  days. 

When  a  stone  is  so  firmly  impacted  in  the  hejxitic  dud 
that  it  cannot  be  displaced  either  into  the  gall-bladder 
or  common  duct,  it  is  cut  down  upon  through  the  wall 
of  the  hepatic  duct — Hepaticotomy. 

Retro-duodenal  Choledochotomy. — This  operation  is  in- 
dicated when  a  stone  is  impacted  in  the  portion  of  the 
common  duct  which  passes  behind  the  duodenum.  It  is 
rarely  called  for,  as  it  is  nearly  always  possible  to 
displace  the  stone  into  the  supra-duodenal  portion. 
The  peritoneum  is  incised  vertically  an  inch  and  a 
half  or  two  inches  to  the  right  of  the  duodenum, 
and  is  then  stripped  by  means  of  the  fingers  towards 
the  middle  line ;  it  is  now  possible  to  turn  the  second 
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part  of  the  duodenum  over  to  the  left  and  expose  its 
posterior  surface  (Fig.  212).    The  stone  impacted  in 

Liver 


Hepatic  flexure  of  colou 

Fig.  212.— Exposure  of  Terminal  Portion  of  Common  Bile  Duct  and  of 
Duct  of  Wirsung  by  Mobilisation  of  Duodenum. 


the  second  portion  of  the  duct  is  palpated,  and  the  wall 
of  the  duct  together  with  any  overlying  portion  of  the 
pancreas  is  incised,  and  the  stone  removed.  The  usual 
exploration  of  the  common  duct  is  carried  out,  and  pro- 
vision is  made  for  drainage. 


I 
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Trans-duodenal  Cholcdochotomy. — The  termination  of 
the  common  duct,  including  the  stone,  is  grasped  be- 
tween the  fingers  and  thumb  of  the  left  hand,  and  the 
anterior  wall  of  the  duodenum  is  cut  through  vertically 
in  order  to  expose  the  posterior  wall  from  within,  with 
the  termination  of  the  duct  running  in  it.  The  position 
of  the  duct  is  readily  identified  by  feeling  the  stone  im- 
pacted in  its  lumen.  The  duct  is  laid  open  by  slitting 
up  the  papilla  with  a  probe-pointed  knife,  a  procedure 
introduced  by  M'Burney,  or  the  stone  is  cut  down  upon 
through  the  posterior  wall  of  the  duodenum  as  suggested 
by  Kocher.  Bile  escapes  freely  as  soon  as  the  obstruc- 
tion is  removed,  and  must  be  mopped  up  as  it  flows.  In 
M'Burney's  operation  no  sutures  need  be  placed  in  the 
posterior  wall  of  the  duodenum,  but  if  Kocher's  method 
has  been  employed,  the  incised  margins  of  the  duct  and 
duodenum  must  be  brought  together  by  two  or  more 
stitches.  The  incision  in  the  anterior  wall  of  the 
duodenum  is  then  closed  in  the  ordinary  way. 

For  calculi  impacted  in  the  ampulla  of  Vater  we  have 
found  M'Burney's  operation  both  easy  and  efficient.  In 
stout  patients  the  access  is  improved  by  mobilising  the 
duodenum  after  the  method  introduced  by  Kocher. 

Cholecyst-enterostomy.  —  This  operation  consists  in 
establishing  an  artificial  communication  between  the 
gall-bladder  and  the  intestine.  It  is  indicated  when 
there  is  an  obstruction  to  the  flow  of  bile  into  the  bowel 
by  some  condition  which  cannot  be  removed,  such  as 
chronic  pancreatitis  or  stricture  of  the  common  duct. 

The  abdomen  having  been  opened  and  the  condition 
of  affairs  investigated,  tlie  gall-bladder  is  aspirated  and 
brought  into  contact  with  the  portion  of  intestine 
selected  for  the  anastomosis,  preferably  the  duodenum, 
and  surrounded  with  the  usual  gauze  packing.  The 
anastomosis  is  made  by  simple  suture,  or,  if  preferred, 
with  the  aid  of  a  Murphy  button. 
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If  it  is  impossible  to  anastomose  the  gall-bladder 
with  the  duodenum,  a  loop  of  jejunum  may  be  selected 
and  brought  either  over  the  hepatic  flexure  of  the  colon 
or  through  an  opening  in  its  mesentery.  To  prevent 
intestinal  contents  making  their  way  into  the  gall- 
bladder, it  is  advisable  to  make  a  lateral  anastomosis 
between  the  two  limbs  of  the  loop  of  jejunum  employed. 

The  colon  should  not  be  employed,  as  there  is  greater 
risk  of  infection  passing  to  the  gall-bladder  and  liver. 
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CHAPTER  XXXV 


OPERATIONS  ON  THE  PANCREAS 

Operations  on  the  Pancreas  :  Anterior  Operation  for 
Pancreatitis  ;  for  Pancreatic  Cyst 

To  expose  the  pancreas  for  purposes  of  exploration,  access 
is  best  obtained  from  the  front.  To  establish  drainage 
in  suppurative  conditions  and  in  the  treatment  of 
pancreatic  cyst,  an  incision  is  sometimes  made  in  the 
loin ;  the  incision  begins  at  the  tip  of  the  twelfth  rib, 
and  is  carried  obliquely  forwards  towards  the  umbilicus, 
the  muscles  being  separated  in  the  line  of  their  fibres. 

The  Anterior  Operation.  — A  sand-bag  or  pillow  is 
placed  behind  the  lower  part  of  the  thorax,  and  the 
abdomen  is  opened  in  or  near  the  middle  line  above  the 
umbilicus. 

According  to  the  nature  and  situation  of  the  lesion, 
the  pancreas  is  exposed  either  above  or  below  the 
stomach.  As  a  rule,  the  latter  route  is  selected.  The 
most  direct  access  is  obtained  by  dividing  the  upper 
part  of  the  great  or  gastro-colic  omentum.  A  portion  of 
the  omentum  devoid  of  large  blood  vessels  is  chosen  im- 
mediately below  the  greater  curvature  of  the  stomach, 
and  an  opening  is  made  in  it  and  enlarged  sufficiently  to 
open  up  the  lesser  sac  of  the  peritoneum,  behind  which 
the  pancreas  is  reached  after  the  layer  of  peritoneum 
forming  the  posterior  wall  of  the  sac  has  been  divided. 

To  expose  the  organ  through  the  transverse  meso- 
colon, the  great  omentum  and   transverse  colon  are 
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turned  upwards,  as  in  performing  a  posterior  gastro- 
enterostomy, and  the  lesser  peritoneal  sac  is  opened  by 
incising  the  meso-colon  in  an  area  devoid  of  blood  vessels. 

If  an  inflammatory  or  suppurative  condition  is  found, 
the  peritoneal  cavity  is  packed  off  with  gauze  and  the 
pancreas  incised.  Necrosed  tissue  is  removed  with  the 
spoon  or  scoop,  and  the  cavity  packed  with  gauze.  If 
there  is  an  accumulation  of  blood,  as  in  the  haemorrhagic 
form  of  pancreatitis,  this  is  removed,  and,  to  prevent 
further  extravasation,  the  cavity  must  be  firmly  packed. 
If  there  is  a  collection  of  pus,  provision  must  be  made 
for  drainage,  either  through  the  abdominal  wound  or 
through  a  separate  opening  made  in  the  right  or  left 
costo-vertebral  angle.  If  there  is  disease  in  the  gall- 
bladder or  bile  ducts  it  must  also  be  dealt  with. 

When  the  operation  is  performed  for  pancreatic  cyst, 
.  the  cyst  is  exposed  by  dividing  the  gastro-hepatic  or  the 
gastro-colic  omentum  as  may  be  indicated.  As  extirpa- 
tion is  seldom  possible,  particularly  when  the  cyst  is  in 
the  head  of  the  pancreas,  before  being  opened  its  wall 
should  be  sutured  to  the  parietal  peritoneum,  or,  if  it  is 
too  thin  to  admit  of  this,  the  peritoneal  cavity  must  be 
packed  off  with  gauze.  After  the  cyst  has  been  emptied, 
free  drainage  is  provided  for.  A  rubber  tube  may  be 
introduced  through  the  anterior  wound  and  fixed  to  the 
edge  of  the  cyst  wall  by  a  catgut  suture,  or  a  fresh 
opening  may  be  made  in  the  loin  and  a  tube  brought  out 
through  it,  thus  establishing  a  posterior  drain.  We  have 
upon  one  occasion  drained  a  cyst  of  the  head  of  the 
pancreas  by  anastomosing  it  with  the  duodenum. 

Cysts  in  the  tail  of  the  pancreas  occasionally  lend 
themselves  to  extirpation. 


CHAPTER  XXXVI 


OPERATIONS  ON  THE  SPLEEN 

Operations  on  the  Spleen  :  To  Expose  the  Spleen  for  Eupture  ; 
Splenectomy ;  Splenopexy 

Operation  to  Expose  the  Spleen.  — The  most  generally 
useful  incision  to  expose  the  spleen  is  one  passing 
vertically  downwards  from  the  xiphi-sternum  slightly  to 
the  left  of  the  middle  line,  and  if  this  does  not  afford 
sufficiently  free  access,  an  oblique  clit  may  be  carried 
from  its  lower  part  upwards  and  outwards  (Fig.  156). 
A  large  incision  is  necessary,  p.irticularly  when  there  are 
extensive  adhesions,  the  presence  of  which  may  render 
the  operation  extremely  difficult. 

When  the  operation  is  performed  for  Rupture  of  the 
Spleen,  the  vessels  at  the  hilum  are  at  once  grasped 
with  the  fingers  to  control  the  bleeding,  and  the  clots 
which  have  formed  in  and  around  the  lacerations  are 
cleared  away.    If  the  rent  in  the  spleen  is  superficial, 
the  bleeding  may  be  controlled  by  a  series  of  catgut 
sutures  passed  deeply  through  the  substance  of  the  organ. 
As  a  rule,  however,  the  rupture  is  so  extensive  that 
removal  of  the  spleen  is  called  for.    The  vessels  at  the 
hilum  are  secured  with  a  clamp,  care  being  taken  that 
no  undue  traction  is  made  on  the  pedicle,  and  that  no 
portion  of  the  tail  of  the  pancreas  is  included  in  the 
grasp  of  the  forceps.    The  pedicle  is  then  ligated  en 
masse,  and  divided  at  some  distance  from  the  ligature. 
After  the  spleen  has  been  removed,  the  individual  vessels 
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may  be  seized  with  forceps  and  tied  separately.  This  is 
always  advisable  when  the  injured  spleen  was  previously 
enlarged.  Before  the  abdomen  is  closed,  the  adjacent 
viscera  should  be  examined  in  case  they  have  also 
sustained  damage. 

Splenectomy  £or  Enlargement  or  New  Growths  is 
carried  out  on  the  same  lines  as  for  injury.  The  chief 
difficulties  of  the  operation  arise  from  the  presence  of 
adhesions,  and  from  the  fact  that  the  spleen  is  very 
friable  and  is  therefore  liable  to  be  torn  in  their  separa- 
tion. Special  care  must  be  taken  in  securing  the 
pedicle,  as  the  vessels  are  larger  and  more  numerous 
than  normally. 

Splenopexy. — The  object  of  this  operation  is  to  fix  a 
wandering  spleen.    The  method  of  choice  is  that  of 
Eydygier,  in  which  the  spleen  is  fixed  in  an  artificial 
space  outside  the  peritoneum.    The  abdomen  is  opened 
to  the  left  of  the  middle  line,  and  the  under  surface  of 
the  diaphragm  having  been  exposed,  a  horizontal  incision 
is  made  through  the  peritoneum  between  the  ninth  and 
tenth  ribs.    By  means  of  the  fingers  the  peritoneum  is 
separated  from  the  diaphragm  above  and  below  this 
incision,  until  a  pouch  large  enough  to  contain  the  spleen 
has  been  formed.    Before  the  spleen  is  placed  in  the 
pouch,  a  continuous  suture  may  be  applied  around  the 
upper  and  lower  margins  to  limit  it,  and  a  few  supple- 
mentary stitches  may  be  inserted  to  secure  the  organ  in 
its  new  position. 


CHAPTER  XXXVII 


OPERATIONS  ON  THE  KIDNEY  AND  URETER 

Operations  on  the  Kidney  :  Operation  to  Expose  the  Kidney — 
Lumbar  Operation  ;  Nephropexy ;  Nephro-lithotomy  ;  Neph- 
rectomy— Lumbar ;  Trans-peritoneal. 

Operations  on  the  Eenal  Pelvis  and  Ureter  :  Nephrostomy  and 
Pyelostomyj  Exposure  of  Uvetev— Upper  End  (Lumbo-renal) ; 
Ahdomino  -  pelvic  —  Extra-peritoneal,  Trans-peritoneal ;  Intra- 
vesical. Ureteral  Anastomosis  ;  Implantation  of  Ureter— m 
Bladder ;  in  Intestine. 

Operation  to  Expose  the  Kidney— In  the  great  majority 
of  conditions  calling  for  exposure  of  tlie  kidney, 
access  is  best  obtained  through  the  lumbar  region.  In 
the  removal  of  a  very  large  kidney,  or  when  it  is 
necessary  to  examine  both  kidneys  before  proceeding  to 
deal  with  one,  a  trans-peritoneal  operation  is  performed. 

Lumbar  Operation  (Fig.  213). — The  patient  is  placed 
on  his  sound  side,  with  a  firm  roller  pillow  inserted 
between  the  last  rib  and  the  iliac  crest  to  open  up  the 
loin  on  the  affected  side.  The  arm  of  the  affected  side 
should  be  supported  by  an  assistant  and  not  allowed  to 
rest  upon  the  thorax. 

The  incision  is  commenced  posteriorly  in  the  angle 
between  the  erector  spinse  and  the  twelfth  rib,  and  is 
carried  downwards  and  forwards  in  a  direction  towards 
the  anterior  superior  iliac  spine,  as  far  as  the  mid-axillary 
line.  If  more  room  is  required,  the  incision  is  continued 
onwards,  above  and  parallel  with  Poupart's  ligament  as 
far  as  may  be  necessary.    When  the  space  between  the 
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ribs  and  the  iliac  crest  is  abnormally  limited,  the  twelfth, 
and  if  necessary  also  the  eleventh,  rib  may  be  divided  or 
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Fk;.  213  —Exposure  of  Left  Kidney  by  Lumbar  Incision. 

resected  subperiosteally,  care  being  taken,  however,  that 
the  pleura  is  not  injured. 

The  incision  divides  the  skin  and  subcutaneous  fat, 
the  strong  lumbar  fascia,  and  the  muscles  arising  from 
it — the  latissimus  dorsi,  and    under  it    the  serratus 
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posticus  inferior.  The  edge  of  the  erector  spinte  is 
drawn  forcibly  aside,  or,  if  necessary,  is  cut.  Farther 
forwards,  the  external  and  internal  oblique  muscles,  and 
that  portion  of  the  trausversalis  which  is  attached  to 
the  lumbar  fascia,  are  divided,  each  in  the  line  of  its 
fibres.  After  the  lumbar  fascia  has  been  divided,  the 
edge  of  the  quadratus  lumborum  is  seen  passing  almost 
vertically  upwards  parallel  with  the  margin  of  the  erector 
spinas,  beyond  which  it  projects.  The  last  dorsal  nerve, 
accompanied  by  the  subcostal  artery,  appears  at  the 
lower  border  of  the  twelfth  rib  and  passes  obliquely 
downwards  and  forwards,  sometimes  beneath,  sometimes 
over  the  edge  of,  the  internal  oblique.  The  ilio-hypo- 
gastric  nerve  passes  downwards  and  outwards  from 
beneath  the  edge  of  the  quadratus. 

The  transversalis  fascia  is  now  divided,  and  the  loose 
fatty  capsule  of  the  kidney  separated  until  the  kidney 
invested  in  its  proper  capsule  is  exposed. 

Nephropexy. — This  operation,  which  consists  in  fixing 
an  unduly  movable  kidney,  was  first  proposed  by  Hahn 
in  1881.  The  usual  dissection  is  made  for  exposure 
of  the  kidney  from  the  loin,  and  the  kidney  is  pro- 
jected towards  the  wound  by  pressure  made  by  an 
assistant  through  the  anterior  abdominal  wall.  It  is 
then  grasped  by  the  operator's  fingers,  brought  outside 
the  wound,  and  packed  round  with  gauze.  The  capsule 
is  incised  along  the  convexity  of  the  kidney,  and  with 
the  aid  of  the  dissecting  forceps  and  a  blunt  dissector 
is  stripped  off  the  kidney  on  eitlier  side.  The  de- 
tached capsule  is  then  united  by  a  number  of  sutures 
to  the  aponeurotic  structures  in  its  vicinity,  care  being 
taken  that  the  organ  is  made  to  occupy  its  proper 
position.  In  passing  the  sutures,  care  should  be  taken 
not  to  include  the  last  dorsal  and  first  lumbar  nerves. 
Sometimes  the  sutures  are  passed  around  the  last  rib, 
but  this  is  attended  with  some  risk  of  injuring  the 
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pleura  (Kocher).  The  passage  of  sutures  through  the 
renal  substance  is  apt  to  cause  extensive  necrosis  of  the 
parenchyma,  and  is  to  be  avoided. 

To  promote  the  formation  of  granulation  tissue  and 
so  add  to  the  security  of  fixation,  the  space  around  the 
lower  pole  of  the  kidney  may  be  packed  with  gauze, 
which  is  left  in  position  for  about  a  fortnight.  The  end 
of  the  gauze  is  brought  out  at  one  corner  of  the  wound. 

In  some  cases  we  have  found  the  construction  of  a 
slielf  at  the  lower  pole  of  the  replaced  kidney,  as  recom- 
mended by  Harris  and  W.  J.  Mayo,  effective.  The 
shelf  is  formed  by  stitching  the  anterior  and  posterior 
layers  of  the  perirenal  fascia  to  the  parietal  peritoneum 
at  the  outer  side  of  the  colon,  and  to  the  aponeuroses 
of  the  abdominal  wall. 

Nephro-Uthotomy.— This  operation  is  performed  for 

the  removal  of  stone  from  the  kidney. 

The  kidney  having  been  exposed  and  brought  out  at 
the  wound,  the  presence  and  position  of  a  stone  can 
usually  be  determined  by  palpation  between  the  finger 
and  thumb,  and  to  reach  the  stone  an  incision  may  be 
made  in  the  kidney  anhstance—Nephrotomij  (first  per- 
formed by  Czerny),  or  the  pelvis  may  be  incised— 
Pyelotomy  (first  performed  by  Henry  Morris). 

If  it  is  decided  to  incise  the  kidney  substance,  the 
renal  vessels  at  the  bilum  are  compressed  by  an  assistant, 
and  an  incision  is  made  in  a  line  about  half  an  inch 
behind  the  convex  border.  Zondeck  has  shown  that  an 
incision  in  this  line  divides  fewer  vessels  than  one  made 
along  the  free  border  of  the  kidney.  The  incision  is 
deepened  until  the  renal  pelvis  is  opened  into,  and  the 
finger  is  then  passed  in  to  explore  the  interior  of  the  pel- 
vis and  calyces.  If  a  large  branching  calculus  is  found 
a  probe-pointed  bistoury  is  used  to  enlarge  the  wound 
in  the  kidney,  and  the  stone  is  removed.  Before  the 
wound  in  the  kidney  is  closed,  each  of  the  calyces  should 
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Perinephric  capsule 
Ureter    Last  dorsal  nerve  and  subcostal  artery 

Fig.  214.— Suture  of  Right  Kidney  after  Neplarotomy. 


be  examined  with  tlie  finger,  and  a  sound  should  be  passed 
down  the  ureter  to  malce  sure  that  it  is  not  obstructed. 

If  there  is  no  evidence  of  an  infective  condition  in  the 
kidney,  the  wound  in  its  substance  is  closed  with  series 
of  deep  and  superficial  sutures  (Fig.  214). 

If  the  kidney  is  infected,  a  drainage  tube  should  be 
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introduced  and  secured  in  the  pelvis.  In  any  case,  a 
drain  should  be  left  in  the  deeper  part  of  the  wound  for 
a  few  days  to  guard  against  leakage  of  urine  from  the 
renal  tissue.  If  the  stone  is  located  in  the  pelvis  of 
the  kidney,  the  incision  may  be  made  directly  into  the 
pelvis — Pyelotomy.  This  is  attended  with  much  less 
bleeding  than  nephrotomy,  and  the  opening  in  the  pelvis 
can  be  securely  closed  by  two  super-imposed  tiers  of 
sutures.  The  risk  of  leakage  and  of  the  establishment  of 
a  urinary  fistula  has  been  exaggerated. 

Nephrectomy. — For  the  removal  of  the  kidney,  access 
may  be  obtained  either  from  the  loin  or  by  way  of  the 
abdomen.  The  lumbar  operation  is  that  selected  in 
cases  of  rupture  of  the  kidney  and  in  suppurative  and 
tuberculous  conditions  ;  the  trans-peritoneal  route  is  pre- 
ferred in  the  case  of  large  tumours. 

In  the  majority  of  cases,  a  diseased  kidney  is  so 
intimately  fused  with  surrounding  structures  by  ad- 
hesions that  the  attempt  to  remove  the  organ  intact  in 
its  capsule  is  both  difficult  and  dangerous.  Except  in 
the  case  of  mahgnaut  tumours,  therefore,  it  is  best  to 
enucleate  the  kidney  from  its  capsule. 

Lumbar  Nephrectomy. — The  kidney  is  exposed  through 
the  usual  lumbar  incision,  which  may  be  extended  down- 
wards as  far  as  is  necessary  to  afford  free  access.  The 
fatty  capsule  is  separated  sufficiently  to  expose  the  true 
capsule,  in  which  a  short  incision  is  made  to  admit  the 
fingers  in  order  that  the  organ  may  be  shelled  out.  When 
the  kidney  is  being  removed  for  malignant  disease,  an 
extra-capsular  operation  is  performed,  the  fatty  capsule 
and  all  adhesions  being  separated  from  the  true  capsule. 

After  the  kidney  has  been  freed  all  round,  it  is  pulled 
out  of  the  wound  and  the  structures  at  the  hilum  are 
defined.  If  a  long  pedicle  can  be  obtained,  it  is  grasped 
between  the  fingers  and  thumb,  and  the  renal  artery  and 
vein  are  isolated,  ligated  separately  with  stout  catgut, 
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and  divided.  If  the  pedicle  is  too  short  to  admit  of 
this,  the  structures  at  the  hiluiii  must  be  ligated  en  masse, 
and  after  they  liave  been  divided  and  the  kidney  re- 
moved, the  artery  and  vein  are  secured  separately.  The 
ureter,  which  lies  posteriorly,  is  then  isolated  and 
separated  from  the  vessels.  In  suppurative  and  tuber- 
culous conditions,  the  utmost  care  must  be  taken  that 
the  contents  of  the  pelvis  and  ureter  do  not  infect  the 
wound.  In  the  majority  of  cases  it  is  sufficient  to  tie 
the  ureter  and  cut  it  across  with  the  cautery.  When 
it  is  thickened  and  infected  with  tuberculous  disease, 
it  should  either  be  secured  in  a  corner  of  the  wound 
for  subsequent  injection  with  iodoform,  or  excised  right 
down  to  its  termination  in  the  bladder. 

Tmns-ijcritonecd  Nephrectomy.  —  With  the  patient  in 
the  dorsal  position,  the  incision  is  made  in  or  near  the 
middle  line  of  the  abdomen.  If  more  room  is  required, 
a  lateral  incision,  in  the  line  of  the  intercostal  nerves,  is 
added  to  it.  The  small  intestines  are  packed  away  to 
the  other  side  of  the  abdomen,  and  the  parietal  peritoneum 
is  incised  parallel  with  and  along  the  outer  side  of  the 
colon,  and  the  colon  stripped  inwards  towards  the  middle 
line.  The  parietal  peritoneum  is  then  retracted  outwards, 
and  all  the  vessels  passing  to  the  kidney  are  isolated  and 
secured.  The  pedicle  is  much  more  easily  dealt  with  by 
the  trans-peritoneal  than  by  the  lumbar  route.  Difficulty 
may  be  met  with  in  relation  to  extension  of  a  tumour 
along  the  renal  vein  and  adhesions  to  the  surrounding 
parts,  especially  those  beneath  the  vault  of  the  diaphragm. 
On  the  left  side,  adhesion  to  the  spleen  may  necessitate 
the  sacrifice  of  part  or  the  whole  of  this  organ. 

After  the  kidney  has  been  removed,  the  raw  surface 
is  covered  over  by  drawing  together  the  edges  of  the 
peritoneum.    A  drainage  tube  should  be  brought  out 
through  an  opening  in  the  loin. 
Nephrostomy  and  Pyelostomy.— In  certain  conditions 
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of  the  ureter  and  bladder,  and  especially  when  the  entire 
bladder  has  to  be  removed  on  account  of  malignant 
disease,  it  is  necessary  to  establish  a  permanent  fistula  in 
the  loin. 

The  simplest  method  of  establishing  a  urinary  fistula  is, 
after  having  exposed  the  kidney  and  upper  part  of  the  ureter 
by  a  lumbar  incision,  to  divide  the  ureter  and  bring  it  out  in 
the  loin.  The  ureter  is  divided  three  or  four  inches  below 
the  kidney,  and  is  fixed  to  the  skin  at  the  outer  edge  of 
the  erector  spinse.  Its  orifice  must  be  split  transversely, 
and  secured  to  the  skin  by  sutures  to  prevent  subsequent 
contraction.  The  distal  end  of  the  ureter  is  ligated  and 
its  mucous  membrane  cauterised.  To  prevent  soiling  of 
the  clothing,  an  apparatus  such  as  that  designed  by 
Watson  of  Boston  must  be  worn ;  it  consists  of  a  cup- 
shaped  rubber  hemisphere,  strapped  to  the  loin  by 
elastic  straps,  and  connected  with  a  receptacle  for  the 
collection  of  the  urine. 

It  is  not  advisable  to  perform  nephrostomy  on  the  two 
sides  simultaneously ;  an  interval  of  a  week  or  ten  days 
should  elapse  between  the  two  operations. 

Exposure  of  the  Upper  End  of  the  Ureter. — The  upper 
or  lumbo-renal  portion  of  the  ureter  is  exposed  by  the 
same  incision  as  is  employed  for  exposure  of  the  kidney. 
It  is  frequently  necessary,  especially  in  stout  subjects, 
to  prolong  the  incision  downwards  and  forwards.  The 
kidney  having  been  enucleated  from  its  fatty  capsule 
and  brought  out  at  the  wound,  is  first  drawn  backwards 
to  display  the  anterior  surface  of  the  ureter,  and  then 
towards  the  middle  line  to  give  access  to  the  posterior 
surface  (Fig.  215).  The  further  procedure  depends  on 
the  condition  for  which  the  operation  is  undertaken. 
If  there  is  a  stone  impacted  in  the  ureter,  the  wall  is 
incised  and  the  stone  removed.  A  sound  should  then 
be  passed  along  the  ureter  to  make  sure  that  it  is  patent, 
and  that  there  is  no  stone  farther  down  in  its  course. 
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Quadratus  lumboruin  |      |    LatissLnius  dorsi 

Erector  spmsji   Serratus  posticus  inferior 

Fig.  215. —Exposure  of  Upper  Part  of  Left  Ureter. 


If  there  is  a  valvular  obstruction  at  the  junction  of 
the  ureter  with  the  pelvis,  this  is  corrected  after  the 
fashion  of  a  pyloroplasty,  or  by  making  an  anastomosis 
between  the  ureter  and  the  most  dependent  part  of  the 
pelvis. 

Although  wounds  of  the  ureter  can  usually  be  efficiently 
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closed  by  sutures,  it  is  advisable  to  provide  for  drainage 
of  the  external  wound. 

Operations  on  the  Abdomino-pelvic  Portion  o£  the 
Ureter. — Extra-fcritoneal  Method. — The  patient  is  placed 
on  his  back,  and  an  incision  is  made  in  the  line  of  the 
fibres  of  the  external  oblique,  and  in  its  lower  part 
parallel  with,  and  about  three  fingers'  breadth  above, 
Poupart's  ligament.    If  the  access  is  inadequate  the 
incision  should  be  continued  upwards  along  the  outer 
border  of  the  rectus.     The  dissection  is  similar  to  that 
described  for   the  common   iliac  artery.     The  three 
lateral  abdominal  muscles  and  the  transversalis  fascia  are 
divided  in  the  line  of  their  fibres,  and  the  peritoneum  is 
stripped  up  from  the  fascia  over  the  ihacus  and  psoas 
muscles.    The  ureter  is  lifted  off  the  great  vessels  along 
with  the  peritoneum,  and  is  easily  recognised  and  isolated, 
especially  if  it  is  thickened  by  disease,  such  as  tuberculosis, 
or  is  the  seat  of  an  impacted  stone.    When  found  it  can 
be  traced  upwards  on  the  posterior  abdominal  wall  towards 
the  kidney,  and  downwards  beyond  the  bifurcation  of  the 
common  iliac  artery  along  the  wall  of  the  true  pelvis 
as  far  as  the  bladder.    If  a  stone  is  impacted  in  the 
pelvic  portion,  it  should,  if  possible,  be  displaced  upwards 
to  a  more  accessible  part  to  facilitate  the  stitchmg  of 
the  wound  in  the  ureter.    The  opening  in  the  ureter  is 
closed  with  fine  catgut  or  silk  sutures. 

Trans-peritoneal  Method. — This  method  is  to  be  pre- 
ferred when  access  is  required  to  the  lowest  four  inches 
of  the  ureter.  The  patient  is  placed  in  the  Trendelen- 
burg position,  and  the  abdomen  is  opened  above  the  pubes 
in  or  near  the  middle  line.  The  intestines  are  displaced 
upwards  and  packed  off  with  gauze.  In  a  thin  person, 
the  ureter  is  readily  seen  and  felt  through  the  peritoneum. 
When  there  is  a  deposit  of  fat  behind  the  peritoneum, 
the  ureter  requires  to  be  searched  for,  and  is  most  readily 
found  where  it  crosses  the  bifurcation  of  the  common  iliac 
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artery.  The  peritoneum  is  divided,  the  ureter  exposed 
by  dissection,  and  a  silk  thread  thrown  around  it.  It 
can  then  be  readily  traced  either  upwards  or  downwards 
as  may  be  required.  If  a  stone  is  found,  it  should  be 
brought  to  the  most  accessible  part  of  the  ureter  before 
laying  the  tube  open  and  removing  it. 

Ureter 


\ 


Fig.  216. — Exposure  of  Left  Ureter  by  Trans-peritoneal  Method. 


Access  to  the  intra-vesical  portion  of  the  ureter  is  obtained 
through  the  bladder.  This  viscus  is  opened  above  the 
pubes  by  an  incision  parallel  with  the  brim  of  the  pelvis, 
and  the  edges  being  held  apart  the  floor  of  the  bladder 
can  be  inspected  and  palpated.  Should  there  be  a 
stone  impacted  in  the  intra-mural  portion,  the  mucous 
membrane  is  incised  over  it  and  the  stone  shelled  out 
with  a  scoop  or  director.  It  is  not  necessary  to  stitch 
the  incision  thus  made. 
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Ureteral  Anastomosis— When  the  ureter  has  been 
intentionally  or  accidentally  divided  in  the  course  of  an 
operation  it  is  most  efficiently  re-united  by  the  invagina- 
tion method  introduced  by  van  Hook.  As  usually 
performed,  the  vesical  end  of  the  ureter  is  closed  and  a 
longitudinal  slit  is  made  lower  down,  into  which  the 
renal  end  of  the  ureter  is  inserted.  The  edges  of  the  sHt 
are  then  stitched  with  fine  sutures  all  round  to  the  wall 
of  the  portion  implanted  in  it.  This  procedure  may 
be  carried  out  either  by  going  through  the  peritoneum 
or  extra-peritoneally. 

Implantation  o£  the  Divided  Ureter  into  the  Bladder.— 
In  resections  of  the  bladder  for  tumour  it  is  sometimes 
necessary  to  sacrifice  the  lower  portion  of  one  or  other 
ureter.  The  upper  end  must  then  be  inserted  through 
a  fresh  opening  into  the  bladder — uretero-cysto-neostomy. 
The  union  is  usually  effected  end-to-side.  The  m-eter  is 
cut  across  obliquely  ;  a  small  hole  is  made  in  the  bladder 
and  the  ureter  is  pulled  through  this  by  means  of  a  fine 
silk  thread,  the  ends  of  which  are  passed  through  the 
bladder  wall  about  half  an  inch  distant  from  the  opening 
and  tied.  The  bladder  is  then  stitched  over  the  ureter 
as  in  a  Witzel's  gastrostomy.  Some  surgeons  split  the 
lower  end  of  the  ureter  before  fixing  it  to  the  wall  of 
the  bladder. 

Another  method  of  inserting  the  ureter  mto  the 
bladder,  is  to  pass  a  ureteral  catheter  through  the 
urethra  into  the  bladder  and  bring  its  end  out  through 
an  incision  in  the  bladder  at  the  site  of  the  anastomosis 
decided  upon ;  the  end  of  the  catheter  is  uiserted  mto 
the  ureter  and  is  fixed  to  it  with  a  catgut  ligature.  It 
the  catheter  is  now  pulled  upon,  the  end  of  the  ureter 
is  brought  into  the  bladder  and  is  fixed  there  by  suc- 
cessive tiers  of  sutures.  The  ureteral  catheter  drains 
the  ureter  and  holds  it  in  position  until  union  takes 
place. 
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Implantation  of  the  Ureters  into  the  Intestine  (Uretero- 
entero-anastomosis). — When  the  bladder  is  imperfect  from 
birth,  as  in  extroversion,  or  when  it  has  been  removed 
completely  for  malignant  disease,  the  urinary  secretion 
may  be  diverted  into  the  intestine.  As  first  carried  out 
by  Maydl,  the  ureters  were  inserted  into  the  pelvic  colon. 
With  the  object,  however,  of  diminishing  the  risk  of 
an  ascending  infection  from  the  bowel  to  the  kidneys, 
the  portion  of  intestine  employed  should  be  isolated  by 
making  an  anastomosis  between  the  two  limbs  of  the 
loop  employed.  The  loop  of  intestine  is  clamped  as  low 
down  as  possible  before  making  the  anastomosis. 

In  performing  the  operation  for  extroversion,  the 
terminal  portion  of  the  ureters  along  with  an  elliptical 
portion  of  the  wall  of  the  bladder  is  dissected  out  in 
one  piece  so  as  to  maintain  their  normal  relationships, 
and  this  is  inserted  into  a  longitudinal  incision  made 
through  one  of  the  muscular  bands  of  the  pelvic  colon. 
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OPERATIONS  ON  THE  BLADDER  AND 
URETHRA 

SuPBA-PUBic  Cystotomy.  Supra-pubic  Prostatectomy.  Cys- 
tectomy :  Partial ;  Complete.  Perineal  Cystotomy  :  Perineal 
lithotomy;  Perineal  prostatectomy.    External  Urethrotomy. 


OPEEATIONS  ON  THE  BLADDEPt  AND 
-  UEETHEA 

The  bladder  may  be  opened  above  the  pubes — supra- 
pubic  cystotomy, — or  from  the  perineum— peviwert^  cys- 
totomy. 

Supra-Pubic  Cystotomy— When  limited  access  will 
suffice,  a  median  incision  may  be  employed,  but  when 
manipulations  are  to  be  made  within  the  bladder,  for  ex- 
ample, in  the  removal  of  a  tumour  or  an  enlarged  prostate, 
the  curved,  horizontal  incision  of  Kocher  made  in  the  inter- 
spinous  line  is  to  be  preferred  (Fig.  156).  If  necessary 
the  operation  can  be  performed  under  local  anaesthesia. 
From  eight  to  ten  ounces  of  warm  saline  solution  are 
introduced  into  the  bladder  by  means  of  a  catheter,  and 
the  patient  is  placed  in  a  moderately  high  Trendelenburg 
position.  By  these  means  the  bladder  is  projected 
towards  the  abdomen  and  the  peritoneal  reflection  in 
front  of  it  is  raised.  Some  surgeons  prefer  to  distend 
the  bladder  with  air,  as  it  interferes  less  with  inspection 
of  the  interior.  An  incision  through  the  skin  and 
subcutaneous  fat  is  made  in  the  interspiuous  fold  from 

512 


SUPRA-PUBIC  CYSTOTOMY 


513 


one  internal  ring  to  the  other.  In  the  fat  are  a  few 
branches  of  the  common  femoral  vessels  on  either  side. 
The  strong  aponeurosis  covering  the  recti  is  divided  in 
the  line  of  the  skin  wound.    The  recti  muscles  are  then 


Anterior  layer  of  slieatb  of  rectus 
I     Rectus  abdominis 
Bladder  |         |        Fascia  transversalis 


Fig.  217. — Supra-pubiciCystotomy. 


separated  in  the  middle  line  by  blunt  dissection  and  held 
asunder  by  retractors,  or,  if  more  access  is  required,  they 
may  be  cut  across  about  an  inch  above  their  pubic 
attachments.  ,  The  finger  is  introduced  behind  the  sym- 
physis and  draws  upwards  the  extra-peritoneal  fat  and 
the  reflection  of  the  peritoneum,  exposing  the  bluish- 
pink  bladder  wall.  Two  fixation  sutures  having  been 
VOL.  III.— 33 


514       THE  BLADDER  AND  URETHRA 


inserted  in  the  centre  of  the  exposed  portion  of  the 
bladder,  a  small  vertical  opening  is  made  between  them, 
and  the  finger  is  introduced  before  all  the  fluid  is 
allowed  to  escape.    The  edges  of  the  mucous  membrane 
are  caught  with  toothed  forceps ;  and  if  it  is  found 
necessary  to  enlarge  the  opening,  the  mucosa,  on  account 
of  its  greater  extensibility,  does  not  require  to  be  so 
freely  divided  as  the  muscular  coat.    When  the  manipu- 
lations within  the  bladder  are  completed,  if  there  is 
neither  infection  nor  hsemorrhage,  the  opening  may  be 
closed  by  means  of  a  fine  continuous  suture  introduced 
in  two  or  more  tiers,  the  first  of  which  includes  only 
the  mucous  membrane.    Before  the  second  layer  of 
sutures  is  inserted,  the  wound  should  be  irrigated  with 
salt  solution.    A  small  glass  drain  is  introduced  into 
the  space  of  Eetzius  through  a  separate  opening,  and 
the  main  wound  is  closed  by  successive  tiers  of  suture. 
In  adults,  a  soft  rubber  catheter  should  be  fixed  in 
the  bladder  and  connected  with  a  suction  apparatus, 
but  this  is  not  necessary  in  boys,  who  have  no  difficulty 
in  emptying  the  sutured  bladder  at  natural  intervals. 

When  there  is  pronounced  infection  or  considerable 
•  oozing  of  blood,  or  if  the  bladder  has  been  bruised  in 
the  course  of  the  operation,  the  opening  is  not  closed. 
A  large  glass  tube,  with  lateral  perforations  but  closed 
end,  is  passed  down  to  the  floor  of  the  bladder,  and  inside 
this  a  catheter,  size  16  to  18,  is  inserted  and  connected 
with  a  suction  apparatus. 

The  wound  in  the  aponeurosis  and  skin  is  stitched 
round  the  tube.    In  the  course  of  two  or  three  days  the 
glass  tube  is  removed  and  the  rubber  catheter  alone 
•retained  until  about  the  end  of  a  fortnight,  when  the 
power  of  natural  micturition  usually  returns. 

When  the  supra-pubic  opening  is  to  bei  retained  per- 
manently— supra-pubic  cystostomy — a  No.  12  catheter  is 
large  enough,  and  is  most  efficiently  secured  in  position 
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by  means  of  an  encircling  silver  ring  provided  with  eyes, 
through  which  threads  are  connected  and  fixed  to  the 
skin  with  plaster.  A  satisfactory  degree  of  continence 
is  attained,  and  the  patient  may  be  able  to  pursue  his 
occupation.  The  tube  is  provided  with  a  stop-cock,  and 
should  be  withdrawn  and  cleaned  every  day.  Poncet, 
who  has  done  much  to  establish  supra-pubic  cystostomy, 
stitches  the  edges  of  the  bladder  to  the  skin. 

Supra-Pubic  Prostatectomy— This  operation  is  associ- 
ated with  the  name  of  P.  J.  Freyer.  The  bladder  is 
opened  as  already  described,  and  the  condition  of  the 
prostate  investigated.  In  determining  the  limits  and 
disposition  of  the  prostate  and  its  relation  to  the  pro- 
static urethra,  we  have  found  it  helpful  to  introduce  a 
metal  catheter  into  the  bladder.  If  enucleation  is  to  be 
undertaken,  the  mucous  membrane  lying  behind  the 
commencement  of  the  prostatic  urethra  is  cut  with  a 
guarded  knife,  or  torn  through  with  the  finger  nail. 

The  enucleation  is  greatly  facilitated  if  the  prostate 
is  pushed  well  forward  from  the  rectum.  This  may  be 
done  by  the  operator  inserting  two  fingers  of  his  gloved 
right  hand  into  the  rectum,  while  he  employs  the  left 
hand  to  enucleate  ;  or  an  assistant  may  push  forward  the 
prostate.  The  separation  is  effected  with  the  finger  used 
as  a  blunt  dissector,  and  the  dissection  is  carried  between 
the  fibro-adenomatous  nodules  and  the  thin  film  of  pro- 
state which  invests  the  capsule,  until  the  mass  is  shelled 
out  in  one  or  in  two  or  more  portions.  The  prostatic 
urethra,  which  in  the  enlarged  prostate  is  represented 
by  a  mere  film  of  epithelium,  is  removed  along  with  the 
gland. 

During  the  enucleation  a  stream  of  hot  water  is  passed 
into  the  bladder  through  the  catheter  in  the  urethra; 
and  drainage  is  afterwards  established  by  means  of  the 
arrangement  of  tubes  already  described.  Witli  a  view 
to  providing  dependent  drainage,  Lynn  Thomas  pushes 
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a  strong  curved  forceps  from  the  bladder  through 
the  prostatic  urethra  until  its  point  i^rojects  in  the 
perineum,  where  it  is  cut  down  upon,  and  a  drainage 
tube  is  seized  between  the  blades  and  drawn  back  into 
the  bladder.  If,  as  happens  in  exceptional  cases,  the 
bleeding  persists,  in  spite  of  irrigation  with  hot  water, 
it  may  be  necessary  to  have  recourse  to  packing  with 
gauze  wrung  out  of  adrenalin  solution.  We  have  known 
such  heemorrhage  prove  fatal. 

Cystectomy— Cystectomy,  or  excision  of  the  bladder, 
is  chiefly  performed  for  new  growths.  It  may  be  partial 
or  total.  Owing  to  the  tendency  to  recurrence  in 
malignant  tumours,  as  well  as  the  possibility  of  a  change 
in  the  character  of  a  benign  growth,  all  tumours  of  the 
bladder  should  be  subjected  to  a  radical  operation. 

Partial  Cystectomy  or  Resection  of  the  Bladder. — Even 
after  removal  of  as  much  as  two-thirds  or  more  of  the 
bladder,  the  remaining  portion  is  capable  of  adapting 
itself  to  form  an  efficient  receptacle  for  the  urine. 

To  afford  sufficient  access  for  the  removal  of  extensive 
growths,  it  has  been  recommended  to  divide  the  symphysis 
or  even  to  perform  an  osteo-plastic  resection  of  the  pubes. 
In  women,  simple  division  of  the  symphysis  greatly  im- 
proves the  access. 

With  the  patient  in  the  high  Trendelenburg  position, 
Kocher's  horizontal  incision  with  division  of  the  recti, 
and  the  use  of  good  retractors,  yields  satisfactory  access 
in  the  majority  of  cases.  C.  H.  Mayo  strongly  recom- 
mends the  transperitoneal  method  and  makes  a  median 


incision. 


The  peritoneal  cavity  having  been  opened  and  tbe 
intestines  packed  off,  the  bladder  is  seized  with  two 
catch-forceps,  lifted  into  the  wound,  and  opened  by  a 
two-inch  vertical  incision.  The  fluid  in  the  bladder  is 
mopped  up  and  the  incision  enlarged  upwards  and  down- 
wards until  it  is  ample  for  the  purpose  in  view. 
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The  tumour  is  seized  with  catch-forceps  and  may  be 
cut  from  the  bladder  with  scissors,  and  the  denuded 
area  seared  with  the  Paquelin  cautery,  or  it  may  be  resected 
with  the  cautery.  No  sutures  are  required  to  close  the 
raw  areas,  cicatrisation  being  quite  sufficient,  but  if 
hemorrhage  continues  it  is  better  to  close  the  gap  with 
sutures.  If  one  of  the  ureteral  openings  is  involved, 
the  ureter  is  divided  near  the  bladder  and  drawn  into 
the  abdomen  through  a  perforation  in  the  peritoneum 
close  to  the  remaining  portion  of  the  bladder,  into  which 
it  is  implanted  and  fixed  with  catgut  sutures.  The 
peritoneum  is  closed  over  the  exposed  ureter  in  a  fold  so 
as  to  ensure  rapid  healing. 

If  the  bladder  is  free  of  infection,  the  wound  in  the 
anterior  wall  is  closed  by  a  through-and-through  con- 
tinuous mattress  suture  of  catgut,  and  the  line  of  suture 
is  invaginated  and  protected  by  a  peritoneal  suture.  As 
a  rule  the  abdominal  wound  is  closed  without  drainage. 
If  the  patient  has  any  trouble  in  voiding  the  urine,  a 
catheter  is  passed  at  regular  intervals. 

Total  Cystectomy  or  Excision  of  the  Bladder. — The  most 
important  point  in  connection  with  total  excision  of  the 
bladder  is  the  method  of  dealing  with  the  ureters.  The 
choice  lies  between  implanting  them  in  the  lower  part 
of  the  pelvic  colon,  or  bringing  them  out  in  the  lumbar 
region— lumbar  nephrostomy  (p.  506).  Statistics  show 
that  implantation  is  attended  with  a  much  higher 
mortality  than  nephrostomy,  and  F.  S.  Watson,  who  has 
paid  special  attention  to  this  question,  recommends  that 
lumbar  nephrostomy  should  be  performed  from  four  to 
six  weeks  before  the  bladder  is  excised. 

The  abdomen  is  opened  by  a  median  incision,  and  the 
peritoneum  covering  the  bladder  is  split  in  the  sagittal 
plane  from  front  to  back  in  its  wliole  extent  and  separated 
by  blunt  dissection  as  far  as  the  entrance  of  the  ureters. 
If  they  have  not  previously  been  transplanted,  the  ureters 
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are  then  ligated  and  divided.  Tlie  urethra  is  cut  across 
at  the  junction  of  its  prostatic  and  membranous  portions, 
and  the  bladder  is  then  extirpated  by  blunt  dissection. 
If  the  prostate  and  seminal  vesicles  are  involved,  they 
must  also  be  removed.  After  the  htemorrhage  has  been 
arrested,  the  peritoneum  is  sutured  and  the  abdominal 
wound  closed — provision  being  made  for  drainage  either 
supra-pubically  or  by  the  perineum. 

Perineal  Cystotomy.— The  perineal  route,  which  was 
formerly  greatly  favoured,  has  almost  entirely  been 
abandoned  in  favour  of  the  supra-pubic.  It  is  still  some- 
times selected  for  the  removal  of  stone  from  the  bladder 
(perineal  lithotomy),  and  in  excision  of  the  prostate 
(perineal  prostatectomy). 

Perineal  Lithotomy. — The  incision  may  be  made  in 
the  middle  line  of  the  perineum — median  cystotomy  ox 
lithotomy,  or  it  may  be  carried  from  the  middle  Une 
backwards  and  outwards  to  one  or  other  side — lateral 
cystotomy  or  lithotomy. 

A  grooved  staff  is  passed  along  the  urethra  into  the 
bladder  and  the  membranous  urethra  is  opened  by  cutting 
down  upon  the  staff.  The  knife  is  then  passed  along  the 
groove  in  the  staff,  dividing  the  prostatic  urethra  and 
floor  of  the  bladder,  after  which  the  staff  is  withdrawn 
and  the  finger  or  lithotomy  forceps  introduced  and  the 
stone  removed.  A  drainage  tube  is  then  passed  into 
the  bladder. 

The  median  operation  is  to  be  preferred  when  the  stone 
is  impacted  in  or  near  the  neck  of  the  bladder. 

•  Perineal  Prostatectomy.— This  method  of  dealing  with 
the  enlarged  prostate  is  best  adapted  to  those  cases  in 
which  the  prostate  is  hard  and  comparatively  small,  and 
in  which,  therefore,  its  removal  would  be  diflicult  or  im- 
possible by  the  supra-pubic  route.  The  perineal  opera- 
tion has  been  improved  by  F.  S.  Watson,  H.  H.  Young, 
and  Proust.    The  patient  is  placed  in  the  lithotomy 
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position,  and  a  curved  incision  is  carried  from  one  ischial 
tuberosity  to  the  other,  its  convexity  reaching  forvrards 
to  the  lower  border  of  the  pubic  arch.  After  the  skin 
and  superficial  fascia  have  been  divided,  the  dissection  is 
carried  through  the  subcutaneous  fat  over  the  under 
surface  of  the  levatores  ani.  The  bulb  of  the  urethra  and 
the  muscular  fibres  of  the  accelerator  urines  are  exposed 
at  the  anterior  part  of  the  wound.  The  anterior  fibres 
of  the  accelerator,  and,  deeper,  the  recto-urethralis  muscle, 
are  divided  transversely  and  are  then  drawn  forwards 
along  with  the  transversus  perinei  muscles.  By  cutting 
transversely  and  more  deeply  towards  the  posterior 
surface  of  the  bulb,  the  posterior  fibres  of  the  compressor 
urethrse  muscle,  which  covers  the  under  surface  of  the 
membranous  urethra,  are  exposed.  Above  this  muscle 
is  the  prostate,  which  is  covered  on  its  postero-inferior 
surface  by  a  dense  layer  of  connective  tissue  containing 
non-striped  muscle.  This  layer  must  be  drawn  down- 
wards and  divided  transversely  in  order  to  expose  the 
smooth  posterior  surface  of  the  prostate.  To  avoid 
injuring  the  rectum,  which  is  one  of  the  chief  dangers 
in  this  operation,  it  should  be  drawn  backwards.  The 
adenomatous  masses  are  removed  by  blunt  dissection  by 
the  fingers,  or  the  lateral  lobes  are  dissected  out  with 
the  aid  of  a  cutting  instrument,  usually  the  scissors. 
The  manipulations  are  rendered  easier  if  the  urethra  is 
opened  on  a  grooved  staff  and  Young's  prostatic  retractor 
inserted,  whereby  the  prostate  is  brought  nearer  the 
surface.  Young  has  completely  excised  the  prostate 
and  seminal  vesicles  in  cases  of  malignant  disease. 

External  Urethrotomy. — This  operation  is  called  for 
in  cases  of  stricture  of  the  urethra,  especially  when  this 
is  complicated  by  peri-urethral  cellulitis  or  fistula. 

If  the  stricture  is  permeable,  a  Syme's  staff  is  passed 
along  the  urethra  until  the  shoulder  of  the  instrument 
rests  against  the  stricture.    The  patient  is  now  placed 
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in  the  lithotomy  position,  and  an  incision  is  made  in  the 
middle  line  of  the  perineum,  dividing  the  urethra  and 
exposing  the  shoulder  of  the  staff;  the  stricture  is  then 
divided  by  pushing  the  knife  along  the  groove  in  the 
staff. 

If  the  stricture  is  impermeable,  a  Wheelhouse's  staff 
is  passed  down  the  urethra  until  it  is  arrested,  and  the 
bulbous  end  of  the  instrument  is  cut  down  upon  and  the 
urethra  opened  in  front  of  the  stricture.  The  edges  of 
the  incision  in  the  urethra  being  held  aside,  the  lumen 
of  the  stricture  is  sought  for  with  the  help  of  a  probe  or 
a  Teale'a  director.  The  stricture  is  then  divided.  A 
rubber  catheter  is  inserted  from  the  meatus  of  the 
urethra  into  the  bladder  and  is  connected  with  a  suction 
apparatus.  If  septic  infection  is  present,  a  drain  is 
inserted  into  the  perineal  wound,  which  is  left  open,  but 
in  the  absence  of  sepsis  the  tissues  divided  in  the 
perineum  are  brought  together  with  successive  tiers  of 

catgut  sutures. 

In  cases  of  short  annular  stricture,  the  stenosed  portion 
of  the  urethra  may  be  resected  and  the  cut  ends  of  the 
urethra  united  to  one  another  over  a  catheter. 
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OPERATIONS  ON  THE  MALE  GENITAL 
ORGANS 

Testis  and  Epididymis  :  Orchidectomy ;  Epididymedomy ;  Excision 
of  Seminal  Vesicles.  Operation  for  Ectopia  Testis  : 
Orchido;pexy.  Vas  Deferens  :  Vasectomy ;  Vasorrhaphy ; 
Vasodidymostomy.  Operation  for  Varicocele.  Operations 
FOR  Hydrocele.  Circumcision.  Amputation  of  Penis  : 
Partial;  Complete. 

Removal  of  the  Testis.— Castration  or  Orchidectomy. — If 

the  skin  of  the  scrotum  is  not  involved  in  the  disease, 
the  incision  is  made  in  the  line  of  the  inguinal  canal, 
about  a  finger's  breadth  above  the  inner  portion  of 
Poupart's  ligament,  exposing  the  aponeurosis  of  the 
external  oblique  and  the  external  abdominal  ring.  The 
coverings  of  the  cord — intercolumnar  fascia,  cremaster, 
and  infundibuliform  fascia — are  divided,  and  the  sper- 
matic cord  exposed.  The  testis  enclosed  in  the  tunica 
vaginalis  is  pulled  out  of  the  scrotum,  and  the  vas 
deferens  separated  from  the  other  constituents  of  the 
cord  and  divided,  the  vessels  secured  with  forceps  and 
tied  separately,  and  the  testis  removed.  If  the  cord  is 
invaded  by  the  disease,  the  inguinal  canal  is  opened  up 
by  splitting  the  aponeurosis  of  the  external  oblique,  and 
the  constituents  secured  at  the  internal  abdominal  ring. 
The  canal  is  then  repaired  and  the  external  ring  closed. 
If  it  is  considered  advisable  to  drain  the  wound,  the 
tube  should  be  inserted  through  a  small  opening  made  at 
the  lowest  part  of  the  scrotum. 
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Wheu  the  scrotum  is  involved,  and  particularly  when 
there  are  sinuses,  or  a  fungus  testis,  the  affected  portion 
must  be  included  between  semilunar  incisions,  and  the 
ellipse  of  skin  removed  along  with  the  testis. 

When  the  operation  is  performed  for  malignant 
disease,  the  incision  should  be  extended  sufficiently  to 
admit  of  the  lymphatics  and  inguinal  glands  being 
removed  along  with  the  testis  in  one  piece,  on  the  same 
principle  as  in  removing  the  breast  and  axillary  contents 
for  cancer. 

Epididymectomy. — When  tuberculous  disease  is  strictly 
coniined  to  the  epididymis,  and  particularly  when  the 
other  testis  has  already  been  removed,  excision  of  the 
epididymis  alone  is  indicated.    The  cord  is  exposed 
through  an  inguinal  incision,  and  the  testis  withdrawn 
through  the  wound  and  examined.    If  it  is  found  that 
the  disease  is  confined  to  the  epididymis,  the  reflection 
of  the  tunica  vaginalis  at  the  lower  pole  of  the  globus 
minor    is    snipped    through    with    scissors,    and  the 
epididymis  is  separated  from  the  back  of  the  body  of 
the  testis.    When  the  globus  major  is  reached,  the  vas 
is  separated  from  its  accompanying  vessels  and  cut 
across  just  above  the  upper  border  of  the  testis.  The 
reflection  of  the  tunica  vaginalis  on  to  the  globus  major 
is  then  divided  with  scissors,  and  the  separation  of  the 
epididymis  from  the  testis  is  completed.    The  vessels 
supplying  the  testis,  which  enter  the  gland  at  its  upper 
and  inner  aspect,  are  carefully  preserved.    To  make 
certain  that  there  is  no  disease  in  the  body  of  the  testis, 
an  incision  should  be  made  along  its  posterior  aspect. 
If  a  limited  focus  is  discovered,  it  may  be  excised,  but  if 
the  disease  is  extensive,  the  gland  must  be  removed.  ^ 

If  the  testis  is  to  be  conserved,  the  end  of  the  divided 
vas  deferens  is  implanted  in  the  parenchyma,  and  the 
tunica  albuginea  sutured  along  the  posterior  surface. 
The  testis  is  then  replaced  in  the  scrotum,  and  a  small 
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puncture  made  at  the  lowest  part  of  the  sao  for  the 
passage  of  a  drainage  tube. 

Excision  of  the  Seminal  Vesicle. — In  cases  of  tubercu- 
losis in  which  the  disease  has  spread  to  the  vas  deferens 
and  the  seminal  vesicle,  these  structures  should  be 
removed  as  well  as  the  testis. 

The  vas  can  be  exposed  as  far  as  the  internal 
abdominal  ring  by  opening  up  the  inguinal  canal ;  and 
by  enlarging  the  internal  ring  outwards,  it  can  be  traced 
to  the  base  of  the  bladder.  The  seminal  vesicle  is  best 
reached  from  the  perineum  through  a  curved  incision  in 
front  of  the  rectum,  similar  to  that  employed  in  perineal 
prostatectomy. 

Operation  for  Ectopia  Testis,  —  Orchidopexy.  —  An 
incision  is  made  in  the  line  of  the  inguinal  canal  about 
a  finger's  breadth  above  Poupart's  ligament,  exposing  the 
external  abdominal  ring.  The  aponeurosis  of  the  external 
oblique  is  slit  up,  and  the  testis  exposed  as  it  lies  in  the 
canal.  The  coverings  of  the  cord  are  freely  divided,  and 
the  relations  of  the  testis  to  the  processus  vaginalis 
determined.  It  is  usually  found  that  after  the  processus 
has  been  freely  divided  the  testis  can  be  brought  down 
to  the  bottom  of  the  scrotum.  If  this  is  not  possible,  the 
vas  deferens  with  its  accompanying  artery  must  be 
separated  from  the  other  constituents  of  the  cord  and 
held  aside.  The  remaining  vessels  are  then  divided  and 
ligated.  With  the  finger,  a  bed  for  the  testis  is  made 
in  the  scrotum.  A  chromic  gut  suture  is  now  passed 
through  the  lower  pole  of  the  testis,  including  the  tunica 
albuginea,  and  the  two  ends  of  the  suture  are  brought 
out  through  the  lowest  part  of  the  scrotum  about  a 
quarter  of  an  inch  apart,  and  tied  over  a  small  piece  of 
rubber  tubing  to  avoid  strangulation  of  the  intervening 
portion  of  skin.  To  prevent  retraction  of  the  testis  and 
the  scrotal  wall  to  which  it  has  been  attached,  the 
sutures  may  be  passed  through  the  skin  of  the  inner 
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aspect  of  the  thigh,  and  the  limb  kept  extended  by  a 
simple  wooden  splint,  or  the  cord  may  be  stitched  to  the 
margin  of  the  external  abdominal  ring.  Lanz  fixes  the 
threads  which  have  been  brought  out  through  the  scrotum 
to  the  thigh  with  adhesive  plaster.  We  have  found 
these  procedures  unnecessary  if  the  testis  has  been 
sufficiently  mobilised. 

If,  as  is  frequently  the  case,  the  condition  is  complicated 
by  the  presence  of  a  hernia,  the  radical  operation  for 
the  cure  of  the  hernia  should  be  performed  before  the 
wound  is  closed. 

Vasectomy. — This  simple  operation  was  formerly  recom- 
mended for  enlarged  prostate.  It  is  performed  rmder  local 
anesthesia.  The  cord  is  grasped  through  the  skin 
between  the  finger  and  thumb,  the  vas  defined,  and 
a  small  incision  made  down  upon  the  cord.  The  vas  is 
withdrawn,  an  inch  or  two  resected,  and  the  ends  allowed 
to  slip  back  into  the  wound,  which  is  then  sutured. 

Vasorrhaphy. — An  operation  for  uniting  the  vas  deferens 
when  it  has  been  accidentally  divided,  say  in  the  course 
of  an  operation  for  hernia,  has  been  devised  by  the 
brothers  Mayo.  The  ends  of  the  divided  vas  having 
been  isolated,  a  straight,  round  sewing  needle  is  inserted, 
eye  first,  into  the  lumen  of  one  end,  and  the  point  is 
then  introduced  into  the  lumen  of  the  other  end.  After 
the  point  has  passed  for  a  distance  of  an  inch  and  a  half 
along  the  lumen,  it  is  made  to  transfix  the  wall  and 
protrude  through  it.  The  needle  now  acting  ^  as  a 
temporary  splint,  the  two  ends  of  the  vas  are  approximated 
to  one  another,  and  united  by  a  series  of  fine  chromic 
gut  sutures  passed  round  the  circumference  of  the  junction. 
A  piece  of  connective  tissue  from  the  adjacent  cord  is 
stitched  over  these  sutures  to  strengthen  the  union. 
The  needle  having  served  its  purpose  as  a  splint  is  then 
withdrawn. 

Vaso-didymostomy.— In  cases  of  occlusion  of  the  vas  by 
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cicatricial  contraction  following  gonorrhoeal  epididymitis, 
and  after  partial  resection  of  the  epididymis  and  vas, 
attempts  have  been  made  to  re-establish  the  function  of 


Ligature  applied  just  above  testis        Aponeurosis  of  external  oblique 

I  I        Fascia  of  Scarpa 


Ligature  applied  at  external  ring  Vas  deferens  isolated  and  held  aside 

Fig.  218. — Operation  for  Varieocele. 


the  tube  by  implanting  the  distal  end  of  the  divided  vas 
in  the  parenchyma  of  the  testis. 

Operation  for  Varicocele  (Fig.  218).— The  cord  is  exposed 
as  it  emerges  from  the  external  abdominal  ring,  by  an  in- 
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cision  a  finger's  breadth  above  and  parallel  with  the  inner 
third  of  Ponpart's  ligament.  The  veins  divided  in  the  super- 
ficial fascia  are  usually  larger  than  normal  and  should  be 
securely  ligated.    After  its  coverings  have  been  divided 
longitudinally,  the  cord  is  hooked  up  with  the  finger  and 
pulled  upon  until  the  testis  appears  in  the  wound.  The 
vas  deferens  with  its  accompanying  vessels,  which  lie  on 
the  posterior  aspect  of  the  cord,  are  then  isolated  and 
held  aside  with  a  strand  of  gauze  or  a  blunt  hook.  The 
dilated  veins  of  the  pampiniform  plexus  are  now  defined 
at  the  external  abdominal  ring  where  they  form  several 
large  trunks,  and  these  are  traced  downwards  as  far  as 
the  upper  pole  of  the  testis,  where  they  constitute  a 
freely  anastomosing  plexus.    The  upper  end  of  the  bunch 
of  veins  thus  isolated  is  secured  by  forceps  at  the  external 
abdominal  ring,  and  the  lower  end  just  above  the  epi- 
didymis.   The  intermediate  portion  having  been  removed, 
each  bunch  of  veins  is  securely  ligated  by  means  of  a 
Staffordshire  knot.    The  ligatures  are  left  long  and  are 
tied  to  one  another,  so  that  the  ends  of  the  divided  veins 
are  brought  together,  and  the  testis  is  suspended  at  a 
higher  level  in  the  scrotum.    The  vas  and  the  vessels 
accompanying  it,  now  relatively  much  longer  than  the 
stump  of  the  divided  veins,  are  packed  back  into  position 
and  the  wound  is  closed  without  drainage.    Only  when 
the  skin  of  the  scrotum  is  exceptionally  lax  is  it  necessary 
to  remove  an  elliptical  portion  of  it. 

Operation  £or  Hydrocele.— We  have  found  the  pro- 
cedure recommended  by  Winklemann  the  most  satisfactory 
operation  for  hydrocele.  The  cord  is  exposed  at  the 
external  abdominal  ring  by  an  incision  similar  to  that 
made  for  castration,  and  after  its  coverings  have  been 
divided,  it  is  pulled  upon  until  the  upper  end  of  the 
distended  tunica  vaginalis  appears  in  the  wound.  The 
coverings  of  the  cord  are  slit  open  until  the  tunica 
vaginalis  is  clearly  exposed.    The  tense  wall  of  the 
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hydrocele  is  then  picked  up  with  two  pairs  of  Kocher's 
artery  forceps,  and  a  puncture  is  made  between  them, 
either  with  a  knife  or  with  a  trocar  and  cannula.  As  the 
fluid  escapes,  the  forceps  are  pulled  upon  and  the  collapsed 
sac,  together  with  the  testis,  is  withdrawn  from  the 


Fig.  219. — Winklemaun's  Operation  for  Hydrocele. 


scrotum.  The  parietal  layer  of  the  tunica  vaginalis  is 
then  slit  longitudinally  from  end  to  end,  the  two  halves 
folded  back  till  they  meet  behind  the  epididymis  and  the 
cord,  and  the  cut  edges  united  in  this  position  by  a 
continuous  catgut  suture  (Fig.  219).  In  this  way  the 
tunica  vaginalis  is  turned  inside  out.    All  bleeding  points 
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are  then  secured  with  ligatures,  and  the  testis  returned 
to  the  scrotum.  A  small  drainage  tube  is  introduced 
through  a  puncture  made  for  the  purpose  at  the  bottom 
of  the  scrotum,  the  inguinal  incision  completely  closed, 
and  firm  pressure  exerted  on  the  scrotum  by  means  of 
wool  and  a  bandage. 

When  the  parietal  layer  of  the  tunica  vaginahs  is 
exceptionally  thick  and  bulky,  a  portion,  or  the  whole  of 
it,  may  be  cut  away  with  scissors.  This  necessitates 
ligation  of  a  great  many  bleeding  points,  and  is  liable  to 
be  followed  by  reactionary  heemorrhage,  however  care- 
fully the  vessels  are  secured. 

OPERATIONS  ON  THE  PENIS 

Circumcision  £or  Vhimosis.—Slitting  the  Prejmce. — 
When  the  prepucial  orifice  is  narrow,  but  the  prepuce 
not  abnormally  long  or  redundant,  it  is  usually  sufficient 
to  slit  the  skin  longitudinally  along  the  dorsum.  A 
broad  flat  director  is  inserted  between  the  prepuce  and 
the  glans,  care  being  taken  that  it  is  not  introduced  mto 
the  urethra,  and  one  blade  of  a  pair  of  probe-pomted 
scissors,  such  as  Mayo's,  passed  along  the  director.  The 
incision  should  extend  a  short  distance  beyond  the  level 
of  the  corona.    The  lining  membrane  of  the  prepuce  is 
usually  redundant,  and  the  excess  must  be  clipped  away. 
A  continuous  suture  of  fine  catgut  is  then  introduced_  to 
bring  together  the  two  layers  of  the  prepuce,  after  which 
a  suitable  dressing  is  applied.  _ 

Removal  of  the  Prepuce.— ^hen  the  prepuce  is  abnor- 
mally long,  the  redundant  portion  must  be  removed,  it 
possible  all  adhesions  between  the  lining  membrane  of 
the  prepuce  and  the  glans  should  be  separated  by  re- 
tracting the  prepuce  as  far  as  the  corona.  The  prepuce 
is  then  pulled  forward  again,  grasped  m  front  ot  the 
glans  with  a  pair  of  dressing  forceps  applied  to  it 
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obliquely  from  above  downwards  and  forwards,  and  the 
portion  in  front  of  the  blades  of  the  forceps  is  cut  off 
with  a  long  bistoury.  Care  hrust  be  taken  to  remove 
just  enough  skin  to  enable  the  glans  to  be  completely 
exposed,  and  yet  to  leave  a  covering  for  the  sensitive 
papillas  of  the  corona.  After  the  forceps  are  removed, 
the  lining  membrane  of  the  prepuce,  which  still  covers 
the  glans,  is  slit  up  along  the  dorsum,  and  the  excess 
cut  away  with  scissors.  The  bleeding  is  arrested  by 
torsion,  or  with  fine  catgut  ligatures,  special  attention 
being  paid  to  the  vessels  in  the  vicinity  of  the  frenu.m. 
The  cut  edges  of  the  outer  and  inner  layers  of  the 
prepuce  are  then  stitched  together  with  fine  catgut 
sutures. 

Amputation  of  Penis.— Partial  Amputation.— A  piece  of 
rubber  tubing  is  applied  round  the  base  of  the  penis  to 
prevent  haemorrhage,  and  a  straight  bougie  passed  down 
the  urethra  as  far  as  the  tourniquet.    A  short  flap  of 
skin  and  subcutaneous  tissue  is  then  raised  from  the 
ventral  aspect,  well  behind  the  cancer,  exposing  the 
corpus  spongiosum,  which,  together  with  the  urethra,  is 
divided  by  cutting  down  upon  the  bougie  three-quarters 
of  an  inch  in  front  of  the  base  of  the  flap.    A  flap  of 
skin,  sufiiciently  long  to  cover  the  end  of  the  stump,  is 
then  reflected  from  the  dorsal  and  lateral  aspects  of  the 
penis,  and  the  corpora  cavernosa  divided  by  a  circular 
incision  at  the  level  of  the  base  of  the  skin  flap.  The 
tourniquet    having    been  removed    and    the  bleeding 
arrested,  a  small  opening  is  made  in  the  dorsal  flap 
opposite  the  level  of  the  urethra,  the  end  of  which  is 
slit  up  laterally  for  a  short  distance,  pulled  through 
this  opening,  and  stitched  to  its  edges.    Finally  the 
dorsal  and    ventral    flaps    are    united  by  horse-hair 
sutures. 

Complete   Amputation.— With    the   patient   in  the 
lithotomy  position  and  a  metal  bougie  in  the  urethra,  a 
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mesial  incision  is  carried  from  the  peno-scrotal  junction 
to  the  mid-point  of  the  perineum,  sphtting  the  scrotum 
and  exposing  the  corpus  spongiosum  at  the  bulb.  The 
corpus  spongiosum  is  then  cut  across,  the  urethra  dis- 
sected free  of  the  corpora  cavernosa  as  far  back  as  the 
triangular  ligament,  and  cut  across  just  beyond  the 
bulb.  The  crura  are  then  traced  backwards  as  far 
as  their  attachments  to  the  rami  of  the  pubes,  and 
dissected  off  the  bone.    The  structures  on  the  dorsum 


Corpora , 
cavernosa 


Uretlira  ■ 


Fig.  220.— Partial  Amputation  of  Penis. 

are  next  divided  by  carrying  an  elliptical  incision  up 
to  the  symphysis,  dividing  the  suspensory  ligament, 
and  the  dorsal  vessels  as  they  pierce  the  triangular 
ligament. 

The  penis  having  been  removed,  the  stump  of  the 
urethra  is  fixed  to  the  edges  of  the  perineal  wound, 
about  an  inch  in  front  of  the  anus,  after  which  the  two 
halves  of  the  scrotum,  containing  the  testes,  are  re- 
placed and  the  skin  sutured  with  horse-hair  stitches. 

To  ensure  complete  removal  of  the  lymphatic  con- 
nections, the  glands  in  front  of  the  pubis,  those  accom- 
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pauying  the  cord  in  the  inguinal  canal,  and  the  deeply- 
placed  glands  on  the  inner  side  of  the  femoral  vein  must 
be  dissected  out  on  both  sides.  This  may  be  done  at 
the  same  time  as  the  penis  is  amputated,  or,  as  Butlin 
recommended,  as  a  secondary  operation. 
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General  Anesthesia.  Preparation  of  patient;  Prevention  of 
iS/ioc/c  —  Chloroform  —  Ether  :  Open  method;  closed  niethod. 
Mixtures  of  Chloroform  and  Ether— Nitrous  Oxide  Gas— Ethyl 
Chloride— Preliminary  Hypodermic  Medication- Intravenous 
general  Ana?sthesia— The  choice  of  an  Ana3sthetic— Dangers 
arising  during  Ana3sthesia— Delayed  Chloroform  poisoning. 

Local  Anaesthesia.  Infiltration  Anmsthesia;  Regional  Ana:sthesia; 
Spinal  Anmsthesia;  Freeziwj  with  Ethyl  Gliloride. 

The  term  "  anaesthesia "  was  suggested  by  Oliver 
Wendell  Holmes  when,  in  1846,  Morton  first  demon- 
strated that  the  inhalation  of  ether  aboHshed  conscious- 
ness and  the  sensation  of  pain. 


Genekal  Anaesthesia 

The  general  antesthetics  most  frequently  employed  for 
prolonged  operations  are  chloroform,  ether,  and  certain 
mixtures  of  these.  For  brief  operations,  inhalations  of 
nitrous  oxide,  chloride  of  ethyl,  or  a  combination  of 
these,  are  commonly  employed. 

Preparation  of  the  Patient  for  the  Administration.— 
Except  in  cases  of  emergency,  the  patient  should  be 
prepared  for  the  anesthetic  by  having  his  diet  and 
general  mode  of  living  regulated  for  a  few  days.  When 
it  is  possible,  he  should  be  kept  at  rest  in  a  hosi)ital  or 

1  We  are  indebted  to  Dr.  J.  Stuart  Ross,  lustructor  in  Anesthetics, 
Eoyal  luarmary,  Edinburgh,  for  agam  revising  this  chapter. 
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nursing  home  for  two  or  three  days,  although  not  con- 
fined to  bed  during  the  whole  of  this  period.  A  purga- 
tive should  be  administered  about  thirty-six  hours  before 
the  operation,  and  the  lower  bowel  cleared  by  an  enema 
some  hours  before  its  actual  performance.  No  heavy 
food  should  be  given  within  twenty-four  hours,  but  the 
patient  should  have  a  cup  of  beef-tea  or  clear  soup  three 
or  four  hours  before.  Milk  is  unsuitable  for  this 
purpose,  as  the  semi-solid  curd,  if  vomited  while  the 
patient  is  anaesthetic,  may  be  drawn  into  the  larynx, 
with  serious  consequences.  Starvation  as  a 'preliminary 
to  operation  is  often  overdone,  particularly  in  delicate 
patients.  If  very  feeble  or  collapsed,  the  patient  should 
have  a  pint  of  saline  solution  containing  an  ounce  of 
brandy  by  the  rectum,  half  an  hour  before  operation  ; 
and  atropin  sulphate,  gr.  yio-i  li^ay  be  given  hypodermi- 
cally.  In  cases  of  intestinal  obstruction  or  of  gastric 
dilatation  attended  with  copious  vomiting  of  highly 
infective  material,  the  stomach  should  be  washed  out 
before  the  antesthetic  is  given. 

Unless  the  patient  is  exceptionally  nervous,  he  should 
be  placed  upon  the  operating  table  before  the  adminis- 
tration is  begun,  and  should  be  allowed  to  lie  in  the 
position  in  which  he  feels  most  comfortable.  The  head 
and  shoulders  should  be  slightly  raised,  particularly  in 
stout  persons,  care  being  taken  that  the  neck  is  neither 
flexed  nor  extended  unduly.  As  a  precaution,  the 
mouth  should  be  inspected,  to  ensure  that  all  artificial 
dentures  have  been  removed,  and  to  locate  any  loose  or 
broken  tooth  which  might  be  prised  out  by  the  gag, 
should  it  be  necessary  to  use  that  instrument. 

As  soon  as  consciousness  is  lost,  the  shoulders  may 
be  lowered  to  the  horizontal,  the  same  care  being  taken 
as  before  regarding  the  position  of  the  neck.  When 
the  muscles '  begin  to  relax,  the  head  should  be  turned 
to  one  side,  and  a  pillow  placed  under  the  opposite 
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shoulder,  to  permit  of  any  mucus  that  may  be  secreted 
flowing  easily  out  of  the  mouth.    Should  it  be  necessary 
during  the  operation  to  turn  the  head  to  the  opposite 
side,  the  inside  of  the  dependent  cheek  should  first  be 
sponged  out,  lest  a  pool  of  mucus  may  have  gathered 
there.    The  two  commonest  difficulties  during  anaesthesia 
are  clenching  of  the  teeth  and  sagging  back  of  the  base 
of  the  tongue  over  the  epiglottis.    Both  are  best  pre- 
vented by  introducing  a  small  dental  prop  between  the 
teeth,  either  before  starting  the  administration  or  shortly 
afterwards.    The  jaw  (with  the  base  of  the  tongue)  can 
then  easily  be  kept  forward  by  pressing  the  fingers  into 
the  depression  below  the  symphysis  menti,  and  hooking 
it  forwards.    If  the  prop  is  used,  resort  to  a  mouth-gag 
or  tongue  forceps  will  rarely  be  called  for. 

Prevention  of  Shock.  —  The  pathology  of  shock  has 
been  already  explained  (vol.  i.  p.  260),  but  the  following 
points  may  be  remembered  in  connection  with  shock 
under  an£Esthetics.  No  general  anaesthetic  can  entirely 
shield  the  brain  from  centripetal  impulses  which 
cause  shock,  but  keeping  a  level  antesthesia  of 
moderate  degree  will  minimise  it.  Too  light  a  degree 
favours  its  occurrence,  while  too  deep  a  level  of 
anesthesia  in  itself  lowers  blood  pressure,  particularly 
in  the  case  of  chloroform,  and  if  shock  be  added  to 
slight  overdosage,  a  fatal  result  is  not  unlikely.  Ex- 
aggerated or  impeded  breathing  also  causes  shock,  hence 
the  necessity  for  its  avoidance.  The  administration  of 
oxygen  from  a  cylinder  is  of  assistance  in  cases  where 
shock  is  feared.  It  may  be  led  into  the  mouth  through 
a  small  tube  which  passes  under  or  through  the  mask. 

Chloroform. — The  ancesthetic  properties  of  this  drug 
were  discovered  by  James  Young  Simpson  in  1847.  It 
may  be  prepared  either  from  acetone,  from  pure  ethyl 
alcohol,  or  from  methylated  spirit.  We  have  found  that 
prepared  from  methylated  spirit  as  good  in  every  way 
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as  that  from  ethyl  alcohol,  and  it  is  considerably 
cheaper. 

In  the  administration  of  chloroform,  the  aim  of  the 
antesthetist  should  be  to  present  to  the  patient  an  atmos- 
phere containing  a  gradually  increasing  vapour-strength 
of  chloroform,  until  2,  or  at  most  3,  per  cent,  is 
reached.  With  this,  full  narcosis  can  be  produced  in 
six  or  seven  minutes.  A  steady  level  of  amesthesia  can 
then  be  maintained  by  the  use  of  1  to  1|  per  cent.  To 
enable  this  to  be  done  with  scientific  accuracy,  special 
instruments  have  been  devised,  of  which  the  best  known 
is  the  Vernon  Harcourt  regulating  inhaler.  The  use  of 
such  apparatus,  however,  presents  many  drawbacks,  and 
the  student  is  recommended  to  learn  to  antesthetise  by 
simpler  methods.  A  Schimmelbusch  frame  is  covered 
with  four  layers  of  domette  or  a  layer  of  lint,  and  held 
over  the  face  in  such  a  manner  that  at  least  two-thirds 
of  its  circumference  is  kept  half  an  inch  from  the  skin, 
while  the  other  third  rests  on  the  bridge  of  the  nose. 
The  chloroform  is  dropped  on  the  lint — a  few  drops  at 
first,  later  from  30  to  40  drops  may  be  added  every 
half-minute — until  full  narcosis  is  obtained.  After  that, 
considerably  less  will  maintain  anaesthesia.  The  golden 
rule  is  to  see  that  the  respirations  are  free  and  regular. 
If  the  patient  struggles  and  holds  his  breath,  the  mask 
must  be  withdrawn  until  one  inspiration  of  pure  air  has 
been  taken.  Strusfalincf  and  breath-holding  cause  a 
great  strain  on  the  heart  muscle,  and  impair  its  nutrition 
by  partly  arresting  the  circulation  in  the  coronary 
arteries,  and  if,  while  it  is  in  this  condition,  blood 
heavily  charged  with  chloroform  reaches  the  heart,  it 
is  very  liable  to  be  arrested  by  "  relative  overdose " — 
a  form  of  syncope  arising  from  which  recovery  is 
exceptional. 

The  signs  of  full  anesthesia  are :  quiet,  "  automatic  " 
respirations,  feeble    conjunctival    reflex,    small  pupils 
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which  are  insensitive  to  light,  and  complete  muscular 
relaxation.  Rigidity  of  the  muscles  is  prolonged  by  the 
slightest  element  of  asphyxia ;  to  obtain  relaxation, 
particularly  of  the  abdominal  muscles,  it  is  just  as 
important  to  ensure  a  free  airway  as  to  give  a  sufficiency 
of  chloroform.  The  signs  of  overdosage  are :  widely 
dilated  pupils,  weak,  sighing  respirations,  and  a  grey 
pallor  of  the  face  and  lips. 

Ether. — There  are  two  methods  of  administering  ether 
■T— the  open  and  the  closed  methods. 

In  the  open  method,  a  mask  such  as  Bellamy  Gardner's, 
which  is  so  shaped  as  accurately  to  fit  the  face,  should 
be  used,  and  should  be  covered  with  twelve  to  sixteen 
layers  of  gauze  if  ether  is  to  be  used  from  the  start ; 
while  if  antesthesia  be  induced  by  chloroform,  not  more 
than  eight  or  ten  layers  are  permissible,  otherwise 
syncope  may  be  induced  at  the  moment  of  change.  A 
roll  of  gauze  is  placed  on  the  face,  encircling  the  mouth 
and  nose,  and  on  this  the  mask  rests.  This  method 
ensures  that  respiration  will  take  place  through,  and  not 
around,  the  gauze  upon  the  mask.  This  close  adapta- 
tion, which  is  highly  desirable  in  the  case  of  ether,  is 
certainly  dangerous  in  the  case  of  chloroform,  and  it 
must  be  understood  that  if  chloroform  is  used  as  the 
inducing  agent,  it  must  be  given  on  a  separate  mask,  and 
in  the  manner  above  described.  The  ether  is  dropped 
on  to  the  gauze,  from  30  to  90  drops  per  minute  being 
necessary  for  the  maintenance  of  anaesthesia.  Induction 
by  this  method  is  slow,  and  in  strong  or  in  alcoholic 
patients,  impossible  without  the  preliminary  use  of  hypo- 
dermic medication  (p.  539),  but  in  most  patients  anaes- 
thesia can  readily  be  maintained  by  the  open  method 
after  the  induction  stage  has  been  passed. 

The  Closed  Method. — Tins  involves  the  use  of  a  special 
inhaler.  In  Clover's  oi-iginal  instrument  tlie  airways 
are  too  narrow;  Hewitt's  wide-bore  apparatus  will  be 
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found  more  satisfactory.  It  consists  of  (1)  a  face-piece 
with  a  pneumatic  pad,  (2)  an  ether  chamber,  (3)  a 
rubber  bag  of  about  one  gallon  capacity.  An  ounce  and 
a  half  of  ether  is  placed  in  the  chamber,  and  the  indi- 
cator set  at  zero.  If  the  ether  is  not  to  l)e  preceded  by 
nitrous  oxide  gas  or  ethyl  chloride,  it  is  best  to  begin 
without  the  bag.  The  face-piece  having  been  adapted 
to  the  face,  the  indicator  is  moved  successively  over  to 
^,  I,  f,  and  full  ether,  the  last  being  reached  in  about 
one  minute.  .  The  indicator  is  then  pushed  back  to  \, 
and  the  bag  slipped  on,  care  being  taken  to  catch  in  it 
several  expirations.  During  the  rest  of  the  induction 
the  indicator  is  again  moved  slowly  over  to  full  ether, 
and  ansesthesia  is  usually  complete  in  about  four  minutes. 
After  this  stage  is  reached,  the  patient  is  allowed  one 
breath  of  fresh  air  out  of  five,  the  ensuing  expiration 
being  caught  in  the  bag ;  the  indicator  can  be  moved 
back  to  about  ^  after  the  first  few  minutes. 

The  signs  of  anaesthesia  are  the  same  as  when  chloro- 
form is  used,  but  the  respirations  are  fuller,  and  the 
pupil  is  not  so  small.  Ether  may  without  danger  be 
pushed  to  the  stage  of  dilatation  of  the  pupil,  and  this 
is  often  necessary  to  obtain  full  rauscular  relaxation. 

The  closed  method  leads  to  a  certain  amount  of 
urgency  and  labouring  of  the  respiration,  and  to  severe 
after-headache,  in  prolonged  administration.  It  is 
therefore  not  so  much  used  as  formerly  in  major 
surgery,  but  its  rapidity  of  induction  and  its  great 
safety  make  it  still  valuable  for  brief  administrations. 

The  administration  of  ether  is  sometimes  preceded 
by  that  of  a  small  dose  of  ethyl  chloride,  or  of  two 
gallons  of  nitrous  oxide  gas.  Either  of  these  hastens 
and  facilitates  the  induction  :  the  former  is  the  easier 
to  give,  but  the  latter  is  the  more  pleasant  for  the 
patient,  and  has  a  long  and  deserved  reputation  for 
extreme  safety. 
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Mixtures  o£  Chloroform  and  Ether. — These  are  some- 
times preferable,  the  best  consisting  of  one  part  of 
chloroform  and  two  parts  of  ether,  and  known  as  the 
C.E.  mixture.    That   known    as    the  A.C.E.  mixture 
consists  of  one  part  absolute  alcohol,  two  parts  chloro- 
form, and  three   parts    ether.    Schafer  and  Scharlieb 
have  shown  that  alcohol  has  the  property  of  reducing 
the  fall  of  blood  pressure  caused  by  chloroform,  while 
ether  has  no  such  action.    They  recommend  one  part 
of  alcohol  to  nine  parts  of  chloroform.    Mixtures  are 
given  in  the  same  manner  as  pure  chloroform,  with 
this   reservation,  that  the  smaller  the  percentage  of 
chloroform  in  the  mixture,  the  closer  may  the  mask  be 
adapted  to  the  face.    The  type  of  anaesthesia  is  that  of 
chloroform,  but  the  respirations  are  deeper,  and  the 
colour  is  better. 

Nitrous  Oxide  Gas. — The  administration  of  this 
valuable  and  safe  anaesthetic  can  only  be  learned  by 
attendance  at  demonstrations  where  the  complicated 
apparatus  can  be  seen  and  examined.  The  signs  of 
anassthesia  are :  moderate  cyanosis,  stertorous  breathing, 
fixed  eyeballs,  and  muscular  relaxation.  If  the  admini- 
stration is  pushed  beyond  this  stage,  jactitations  begin, 
which  are  asphyxial  in  origin. 

Ethyl  Chloride. — This  drug,  employed  as  a  general 
anesthetic,  was  introduced  some  years  ago  as  a  substitute 
for  gas.  Its  advocates  claimed  for  it  that  it  was  easier 
to  give  and  produced  a  longer  period  of  anesthesia  from 
a  single  dose  (90  seconds,  as  against  30  seconds  with 
gas).  Experience  has  shown,  however,  that  it  is  by  no 
means  devoid  of  danger,  and  in  many  schools  its  use 
has  been  abandoned.  When  given  alone,  the  dose  vanes 
from  3  to  5  c.c,  according  to  the  age  of  the  patient, 
and  it  is  given  in  a  one-gallon  bag,  connected  to  a  face- 
piece.  It  produces  no  cyanosis,  and  the  respirations 
are  quieter  than  with  gas. 
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Guy  of  Edinburgh  gives  it  with  the  admixture  of 
one  gallon  of  gas,  in  a  special  inhaler  which  is  easily 
managed.  The  patient  is  made  to  take  five  breaths  of 
the  gas,  and  the  ethyl  chloride  is  then  allowed  to  run 
into  the  bag  from  a  tube  previously  charged  and  con- 
nected up ;  3  c.c.  is  the  maximum  dose  required,  some- 
times less  suffices.  The  breath  is  usually  held  for  a 
few  seconds  at  this  stage,  but  from  the  time  free 
respiration  is  started,  the  patient  is  under  in  25  seconds. 
The  working  period  of  anaesthesia  lasts  at  least  90 
seconds.  This  method  has  given  excellent  results,  and 
has  never  caused  the  slightest  anxiety  in  30,000  cases 
at  the  Edinburgh  Dental  Hospital. 

Preliminary  Hypodermic  Medication. — With  a  view 
of  cahning  the  patient  before  operation,  and  also  of 
limiting  the  amount  of  volatile  ansesthetic  used,  narcotics 
may  be  given  hypodermically  an  hour  or  so  before 
operation.  The  most  usual  are :  Morphin  sulphate 
(gr,  I"),  with  atropin  sulphate  (gr.  riir).  or  with  scopolomin 
(gr.  i-2-o),  omnopon  (gr.  ^  to  gr.  |),  heroin  hydrochlorate 
(gr.  tV  to  gr.  -J).  Any  of  the  above  will  reduce  the 
amount  of  mucus  secreted,  and  render  the  recovery 
from  the  anaesthetic  more  agreeable,  as  there  is  usually 
less  after-vomiting,  Atropin  by  itself  secures  both  these 
objects,  and  does  not  depress  the  respiratory  centre. 

Intravenous  General  Anaesthesia. — Burckhardt  has 
introduced  a  method  of  giving  ether  by  intravenous 
infusion.  A  5  per  cent,  solution  in  normal  saline  is 
prepared,  and  kept  at  a  temperature  of  not  less  than 
100°  F.  in  a  large  vessel  connected  by  a  tube  with  a 
vein  cannula.  The  median  basilic  vein  is  exposed  under 
local  ansesthesia,  the  cannula  inserted,  and  about  8  oz. 
of  the  solution  allowed  to  run  in ;  anitsthesia  is 
thus  established  in  about  5  minutes.  From  time  to 
time,  as  signs  of  recovery  are  observed,  more  of  the 
solution  is  run  in.    The  danger  of  the  method  lies  in 
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the  liability  to  clotting  around  the  cannula.  This  may 
be  guarded  against  by  Kummel's  modification,  which 
consists  in  the  use  of  a  two-way  stop-cock  connecting 
the  tube  with  a  second  receptacle,  in  which  pure  saline 
without  ether,  is  kept  at  the  same  temperature.  During 
the  intervals  when  no  more  ether  is  required,  normal 
saline  can  thus  be  allowed  to  dribble  slowly  into  the 
vein.  This  undoubtedly  reduces  the  chance  of  clot- 
formation.  The  method  may  be  used  in  head  cases, 
instead  of  the  usual  Junker's  inhaler. 

The  Choice  o£  an  Anaesthetic. — So  much  depends  on 
the  preference  of  the  individual  surgeon,  the  custom 
and  traditions  of  different  schools  and  hospitals,  and 
the  personal  experience  and  capacity  of  the  admini- 
strator, that  no  rigid  rules  can  be  laid  down  regarding 
the  choice  of  an  anaesthetic.  In  general,  it  may  be 
said  that  the  following  points  require  to  be  taken  into 
consideration :  the  age  and  condition  of  the  patient,  the 
nature  and  probable  duration  of  the  operation,  and  the 
position  of  the  patient  during  its  performance.  Chloro- 
form and  ether  (C.E.  mixture)  is  as  a  rule  suitable  for 
children  under  five,  and  for  adults  over  sixty.  In 
vigorous  adults  from  eighteen  to  forty-five,  the  induction 
should  be  carried  out  with  some  other  anesthetic  than 
chloroform,  as  experience  has  shown  that  it  is  in  such 
subjects  that  sudden  and  fatal  syncope  is  apt  to  occur. 
By  patients  suffering  from  valvular  heart  disease,  if 
the  compensation  is  good,  chloroform  is  usually  taken 
well,  but  if  there  is  weakness  of  the  heart  muscle,  C.E. 
mixture  is  to  be  preferred.  In  renal  disease,  also, 
chloroform  or  C.E.  mixture  is  better  than  ether.  When 
bronchitis  is  present,  and  in  cases  of  empyema,  chloro- 
form, given  very  guardedly,,  is  the  only  permissible 
amesthetic.  For  excision  of  the  tongue  or  jaw,  the  use 
of  the  Junker  chloroform  inhaler,  by  which  a  stream  of 
chloroform  vapour  is  pumped  into  the  mouth  or  nose, 
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is  advantageous.  lu  brain  surgery,  ether  causes  too 
much  congestion  of  the  meninges,  and  chloroform 
should  be  given. 

Ether  is  the  most  appropriate  aneesthetic  for  con- 
ditions in  which  much  shock  may  occur,  and  in  which 
a  very  deep  anaesthesia  is  required,  such  as  castration, 
operations  on  the  rectum,  and  the  reduction  of  disloca- 
tions. In  operations  for  goitre,  ether  given  by  the  open 
method,  preceded  by  a  small  dose  of  morphin  or  omnopon, 
is  safest  (p.  536).  For  operations  requiring  the  vertical 
position,  as  in  dental  cases,  the  patient  should  on  no 
account  have  chloroform.  With  any  anaesthetic  there 
is  an  element  of  risk  in  operations  on  the  tonsils  and 
adenoids,  as  many  of  the  patients  are  the  subjects  of  the 
condition  known  as  the  status  lymphaticus.  Guy's  ethyl 
chloride  and  gas  method  has  given  good  results ;  many 
use  ethyl  chloride  alone,  while  others  prefer  C.E.  mixture. 
In  children  over  five,  open  ether  is  in  our  opinion  safer 
than  anything  else. 

Dangers  arising  during  Anaesthesia. — The  dangers 
arising  during  the  administration  of  an  anaesthetic  are 
due  either  to  depression  or  failure  of  the  circulation,  or 
to  embarrassment  of  the  respiration.  Frequently  these 
conditions  coexist,  but  it  is  convenient  to  consider  them 
separately. 

Circulatory  depression  or  failure  (syncope)  is  most 
common  under  chloroform,  but  does  occur  under  ether. 
Chloroform  syncope  may  be  divided  into :  (1)  Primary 
syncope,  from  fear  of  the  anaesthetic — the  chloroform 
acting  merely  as  the  "  last  straw."  (2)  Syncope  from 
"  relative  overdose,"  in  which  the  heart  is  already 
embarrassed  by  obstructed  breathing,  and  blood  con- 
taining a  large  dose  of  chloroform  reaches  it  as  soon 
as  the  respiration  is  re-established.  (3)  Syncope  from 
pure  overdose,  in  which  the  medullary  centres  are 
gradually  poisoned.    (4)  Eeflex   syncope,  the  afferent 
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impulse  reaching  the  centres  either  by  the  vagus  (during 
the  induction  period),  or  from  tlie  sensory  nerves  of  the 
seat  of  operation.  Though  this  form  is  more  likely  to 
occur  if  the  operation  is  begun  before  full  anaesthesia 
has  been  obtained,  it  may  occur  at  any  time ;  it  is  very 
sudden  in  its  appearance,  but  fortunately,  if  promptly 
dealt  with,  is  frequently  recovered  from.  (5)  Syncope 
from  raising  the  head  during  anaesthesia.  (6)  Vomiting 
causes  a  certain  amount  of  faintness,  but  rarely  occurs 
during  full  anaesthesia.  The  most  prominent  symiotoms 
are :  pallor,  more  or  less  sudden  in  appearance,  rapid 
failure  of  the  pulse  and  respiration,  and  wide  dilatation 
of  the  pupils.  In  the  syncope  from  relative  overdose, 
which  occurs  during  the  early  stages,  the  onset  is 
extremely  rapid,  and  the  condition  frequently  proves 
fatal.  Syncope  coming  on  later  in  the  administration 
appears  more  gradually,  and  treatment  is  more  often 
successful. 

Besinratory  difficulty  may  be  due  to  an  overdose  of  the 
antesthetic,  and  is  then  associated  with  circulatory  de- 
pression. It  may  also  be  due  to  mechanical  obstruction 
of  the  airway,  for  example,  (1)  falling  back  of  the  tongue, 
(2)  spasm  of  the  muscles  of  the  jaw  and  neck,  (3)  laryn- 
geal spasm,  (4)  if  the  preceding  are  allov/ed  to  continue, 
a  condition  of  general  spasm  of  all  the  muscles  of 
respiration  may  develop,  which  is  only  remediable  by 
forcible  inflation  of  the  lungs  through  a  tracheotomy 
wound. 

The  characteristic  symptoms  are:  increasing  stertor 
or  cessation  of  breathing,  duskiness  of  the  lips,  ears,  and 
face,  increasing  to  cyanosis.  If  the  condition  is  allowed 
to  continue,  pallor  supervenes,  the  heart  failing  second- 
arily ;  but  timely  treatment  is  almost  invariably  successful. 

Treatment.  —  Patients  suffering  from  either  of  the 
above  conditions  may  be  divided  clinically  into  those 
who  become  pale,  and  those  who  become  cyanoscd. 
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The  earliest  threatening  of  imllor  may  be  remedied 
by  brisk  rubbing  of  the  lips  with  a  rough  towel,  but  in 
severe  cases  no  time  should  be  lost  before  lowering  the 
head  (children  may  easily  be  entirely  inverted),  pulling 
out  the  tongue  with  forceps,  and  starting  artiiicial  re- 
spiration by  Sylvester's  method.  This  should  be  done 
at  the  normal  rate  of  respiration,  about  fifteen  to  the 
minute,  and  care  should  be  taken  to  begin  it  by  ex- 
pressing the  air  from  the  lungs,  as  it  presumably  contains 
an  overdose  of  the  anesthetic. 

In  desperate  cases,  massage  of  the  heart  has  been 
employed.  This  is  best  effected  by  introducing  one  hand 
through  a  high  abdominal  incision,  and  rhythmically 
compressing  the  heart,  from  which  the  thickness  of  the 
diaphragm  and  pericardium  alone  separates  this  hand, 
while  the  operator's  other  hand  exerts  counter-pressure 
over  the  sternum  and  ribs.  In  an  appreciable  propor- 
tion of  the  recorded  cases  the  patient  has  recovered. 

Patients  who  become  cyanosed  do  so  as  a  rule  from 
some  mechanical  obstruction.  The  mouth  must  be 
opened  by  a  mouth-wedge  or  gag,  the  tongue  drawn 
forward,  and  artificial  respiration  begun.  If  it  is  found 
that  air  cannot  be  made  to  enter  the  chest,  and  no  ob- 
struction can  be  felt  at  the  orifice  of  the  larynx,  trache- 
otomy or  laryngotomy  must  be  performed.  As  already 
stated,  it  is,  in  exceptional  cases,  necessary  to  inflate  the 
lungs  through  the  tracheal  opening  before  natural  re- 
spiration can  be  re-established.  Opening  the  external 
jugular  vein,  and  allowing  a  few  ounces  of  blood  to 
escape,  sometimes  does  good. 

Delayed  Chloroform  Poisoning. — This  is  a  term  applied 
to  a  group  of  symptoms  which  have  been  noticed  chiefly 
in  children  after  the  administration  of  chloroform,  par- 
ticularly in  those  suffering  from  some  acute  infective 
condition,  such  as  appendicitis.  Vomiting  returns  at  the 
end  of  twenty-four  to  forty-eight  hours,  and  is  usually 
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coffee-coloured.  There  is  a  sweetish  odour  of  acetone  in 
the  breath.  The  patient  is  restless,  then  delirious,  and 
often  becomes  comatose  in  a  few  days.  The  condition 
is  due  to  some  disorder  of  metabolism,  associated  with 
the  presence  of  acetone  in  the  blood.  Ether  should  be 
given  in  preference  to  chloroform  to  children  suffering 
from  acute  septic  conditions,  as  it  interferes  less  with 
the  excretion  of  the  deleterious  bodies  that  cause  the 
symptoms. 

Local  Anaesthesia 

The  operations  that  can  be  performed  under  local 
antesthesia  are  those  in  which  the  field  of  operation  is 
comparatively  limited  and  superficial.  It  is  to  be  borne 
in  mind  that  the  various  tissues  differ  in  theu-  sensibility : 
skin  and  periosteum  are  highly  sensitive,  while  fat, 
muscle,  and  bone  denuded  of  its  periosteum  are  much 
less  so.  The  parietal  peritoneum  is  very  sensitive  to 
all  forms  of  stimulation,  but  the  visceral  peritoneum  and 
most  of  the  abdominal  viscera  can  be  handled  almost 
painlessly  without  an  anaesthetic.  Hence,  if  the  ab- 
dominal wall  and  parietal  peritoneum  are  infiltrated  with 
a  local  antesthetic,  such  operations  as  herniotomy, 
gastrostomy,  or  colostomy  can  be  performed  without  a 
general  antesthetic. 

The  drug  originally  employed  to  produce  local 
antesthesia  was  cocain  hydrochlorate,  but  it  is  liable  to 
cause  alarming  syncope,  which  in  some  cases  has  proved 
fatal.  The  best  known  substitutes  for  cocain  are :  eucain 
lactate,  stovain,  tropacocain,  and  novocain.  Le  Brocq 
has  recently  investigated  the  respective  merits  of  these, 
and  finds  that  eucain  and  novocain  are  the  least  toxic, 
and  that  novocain  is  less  irritant  to  the  tissues  than  any 
of  the  others.  Stovain  is  nearly  as  toxic  as  cocain  itself, 
and,  while  its  anaesthetic  value  is  higher  than  that  of 
eucain  or  novocain,  it  is  much  more  irritant  than  either. 
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The  additiou  of  adrenalin  to  the  solution  oE  any  of 
the  above  increases  its  anaesthetic  value  and  diminishes 
its  toxicity,  probably  by  localising  its  action  to  the  site 
of  injection. 

Infiltration  Anaesthesia. — In  this  method  the  solution  is 
injected  into  the  subcutaneous  tissue  in  sufficient  amount 
to  produce  a  moderate  distension  of  the  whole  field  of 
operation ;  marked  blanching  of  the  skin  appears  in  a 
few  minutes,  from  the  vaso-constricting  action  of  the 
adrenalin.  The  incision  may  be  made  in  ten  to  fifteen 
minutes,  and  the  aneesthesia  lasts  for  an  hour  or  two. 
The  drug  selected  is  dissolved  in  normal  saline  solution, 
and  the  strength  of  the  solution  should  be  about  ^  or  | 
per  cent.  Cocain  is  destroyed  by  boiling,  but  the  others 
can  be  sterilised  by  heat  without  losing  their  analgesic 
action.  Adrenalin  can  be  added  after  the  sterilisation. 
As  much  as  four  ounces  of  the  solution  may  be  used, 
though  this  quantity  is  not  often  necessary.  Cocain 
should  not  be  given  in  doses  exceeding  one  grain. 

Regional  Anaesthesia. — If  cocain  or  one  of  its  sub- 
stitutes is  injected  into,  or  even  immediately  around  a 
nerve  trunk,  both  motor  and  sensory  impulses  through 
the  nerve  are  blocked.  Oberst  has  pointed  out  that 
fingers,  toes,  and  extremities  generally  can  be  rendered 
amesthetic  by  treating  the  nerves  supplying  them  in  this 
manner.  He  applies  a  tourniquet  on  the  proximal  side 
of  the  seat  of  injection,  to  localise  the  effect. 

Bier  applies  a  broad  elastic  bandage  both  above  and 
below  the  field  of  operation,  and  injects  the  solution 
into  a  large  superficial  vein,  such  as  the  saphena  or  the 
basilic.  He  uses  from  50  to  80  c.c.  of  novocain  solution, 
of  a  strength  of  ^  to  ^  per  cent.  The  part  between  the 
bandages  becomes  ancesthetic  first,  then  that  on  the 
distal  side  of  the  lower  bandage.  By  removing  the  distal 
bandage  before  the  wound  is  closed,  the  drug  is  to  some 
extent  washed  away,  and  the  risk  of  toxic  effects  lessened. 
VOL.  III.— 35 
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Spinal  Anaesthesia.— It  has  been  shown  that  the  in- 
jection of  cocain  or  one  of  its  substitutes  into  the 
spinal  sub-arachnoid  space  by  lumbar  puncture  induces 
antesthesia  in  the  areas  supplied  by  the  lower  dorsal, 
lumbar,  and  sacral  nerves,  and  renders  possible  the  per- 
formance of  operations  on  the  lower  extremities,  rectum, 
and  pelvic  organs,  without  pain. 

There  are  two  different  methods  in  use.    In  the  one, 
the  most  distinguished  advocate  of  which  is  Professor 
Bier,  the  solution  used  is  isotonic  loith  the  cerebrospinal 
fluid  (e.g.  about  1007).    Tropacocain  (2  per  cent.)  is 
used,  without  adrenalin,  -05  grammes  of  the  drug  being 
injected.     A  little  cerebro-spinal  fluid  is  drawn  into  the 
syringe  and  allowed  to  mix  with  the  anesthetic  before 
injection.    Barker  of  London  uses  a  5  per  cent,  solution 
of  stovain,  in  a  watery  solution  of  glucose  with  a  specific  | 
gravity  of  1023,  without  any  adrenalin.    This  is  heavier 
than  the  cerebro-spinal  fluid.     Before  making  the  in- 
jection, the  patient  is  laid  on  the  side,  with  the  thighs 
flexed  on  the  body,  and  with  the  pelvis  more  or  less 
raised  from  the  table,  according  as  a  high  or  low  anaes- 
thesia is  required.    After  injection,  the  only  movement 
of  the  patient  permitted  is  to  roll  him  over  gently  on 
to  the  back.    Eehn  of  Frankfort  has  demonstrated  that 
even  with  this  method  the  drug  reaches  the  ventricles 
of  the  brain  in  10  to  25  minutes.    He  has  also  demon- 
strated degenerative  changes  in  the  brain  and  cord  of 
animals  subjected  to  spinal  anaesthesia. 

Accounts  of  the  results  of  spinal  amesthesia  are  mi- 
proving,  but  the  method  is  still  not  suitable  for  general 
use  The  motor  and  sensory  paresis  not  uncommonly 
spreads  to  an  undesired  height,  and  may  involve  the 
muscles  of  respiration.  Some  faintness  frequently  occurs 
a  few  minutes  after  the  injection,  from  the  relaxation 
of  the  abdominal  muscles  (Barker).  Deaths  on  the 
operating  table  have  been  frequent,  but,  as  many  ol  the 
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patients  have  been  m  extremis,  the  mortality  from 
the  injection  per  se  is  difficult  to  calculate.  Probably 
the  mortality  is  as  high  or  higher  than  that  of  chloro- 
form, and  much  higher  than  that  of  ether.  Kader  of 
Cracow  had  four  deaths  in  1907  cases.  Severe  headache, 
often  very  persistent,  is  a  common  sequel.  Persistent 
squint  has  also  been  recorded. 

Although,  by  placing  a  pliysiological  block  on  the 
spinal  cord,  the  method  undoubtedly  reduces  post-opera- 
tive shock,  it  cannot  as  yet  rival  inhalation  antesthesia 
for  safety,  reliability,  or  convenience.  In  a  small  per- 
centage of  cases  it  has  proved  impossible  to  introduce 
the  needle  into  the  spinal  theea. 

Freezing  with  Ethyl  Chloride. — A  limited  area  of  the 
skin  may  be  rendered  ancesthetic  by  freezing  it  with  a 
spray  of  chloride  of  ethyl  projected  through  a  fine  nozzle 
from  a  glass  or  metal  cylinder.  The  cylinder  is  held  at 
a  distance  of  eight  to  ten  inches  from  the  skiu,  and  the 
spray  directed  on  to  the  area  to  be  incised.  After  a  few- 
seconds,  the  skin  becomes  hard  and  white  in  round 
patches,  which  coalesce  as  it  freezes,  and  it  remains 
insensitive  for  a  minute  or  two.  Only  short  operations, 
for  example  the  incision  of  an  abscess  or  a  whitlow,  or 
the  insertion  of  an  aspirator  needle,  can  be  carried  out 
under  the  antesthesia  produced  by  this  method. 
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AbJomeu,    operations    on.  See 

Abdominal  surgery 
Abdominal  aorta,  ligation  of,  48 
surgery,  380 
anastomosis  between  viscera, 

391.    See  also  Anastomosis 
attitude  of  patient,  384 
clamps,  use  of,  385,  417 
closure  of  wounds,  385 
incisions,  gridiron,  383 
lateral,  382 
median,  380 
protection  of  peritoneum,  384 
sutures,  388 

Czerny-Lembert,  389 
Lembert,  388 
mattress,  389 
purse-string,  390 
technique  of,  388 
Abdomino-perineal     excision  of 

rectum,  448,  472 
Abscess,  extra-dural,  operation  for, 
282 

following  appendicitis,  operation 

for,  406 
of  brain,  operation  for,  282 
of  cerebellum,  operation  for.  284 
A.C.E.  mixture,  538 
Acusticus,  tumours  of,  operation 
for,  287 

Adam's  osteotomy  of  neck  of  femur, 
135 
saw,  130 

Air  pas.sages,  operations  on,  357 

Alveolar  process,  tumour  of,  opera- 
tion for,  330 

Amputation.    See  also  Disarticu- 
lation 

Amputation,    193.     See  also  in- 
dividual amputations 
at  anlde  joint,  213,  219 
tlirough  arm,  upper,  254 
fore-,  251 


inputation,  Garden's,  231 
Chopart's,  211 
at  elbow-joint,  252 
of  fingers,  245,  246,  247,  249 
by  flap  method,  198,  200,  201 
of  foot,  208 
through  forearm,  251 
Furneaux-Jordan's,  at  hip,  239 
at  shoulder, 
258 

Gritti-Stokes,  229 
Hey's,  211 

incisions,  circular,  198,  201 
elliptical,  198,  199 
lanceolate,  200 
oval,  200 

racket-shaped,  198,  199 
indications  for,  194 
in  region  of  hip,  235 
inter-ilio-abdominal,  241 
interscapulo-thoracic,  259 
above  knee,  228 
in  region  of  knee,  226 
through  knee,  A.  G.  Miller's,  227 
through  leg,  220 

Farabceuf's,  225 

osteoplastic,  221 
Lisfranc's,  209 
of  lower  extremity,  205 
Mackenzie's,  219 
through  metatarsus,  209 
at  metatarso-phalangeal  joints, 
208 

methods,  197-200 
mid-tar.sal,  211 

by  modified  circular  method  of 

Syme,  199 
osteoplastic,  195,  198,  203,  221 
of  penis,  529 
Pirogolfs,  215 
at  scat  of  election,  220 
at  shoulder,  255 
Skoy's,  210 
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Amputation,  Spence's,  257 
Stephen  Smith's,  228 
Stokes-Gritti,  229 
stump,  after-treatment  of,  204 

conical,  196 

essentials  of  good,  195 

neuromata,  196 

undesirable  features  in,  196 
sub-astragaloid,  212 
supra-condylar,  230 
Syme's,  213 
tarso-nietatarsal,  209 
Teale's  method,  221 
technique  of,  200 
tendino-plastic,  203 
through  thigh,  233,  23i 
of  thumb,  245,  249 
of  toe,  entire,  205 

great,  207,  208 

with  metatarsal  bone,  208 

little,  206 

with  metatarsal  bone,  206 
of  toes,  smaller,  205 
by  transfixion,  202 
upper  extremity,  244 
at  wrist-joint,  249 
Ancesthesia,  chloroform,  53  d 
ether,  536 

ethyl  chloride,  538,  547 

general,  532 

local,  544 
general,  532 

dangers  arising  during,  541 
infiltration,  545 
intravenous,  539 
local,  544 

intravenous,  545 
nitrous  oxide  gas,  538 
oxygen  in,  534 

preliminary  hypodermic  medica- 
tion, 539 

preparation  for,  532 

prevention  of  shock  in,  534 

regional,  545 

spinal,  546 
Ansesthetic  mixtures,  538 
Anaisthctics,  532 

choice  of,  540 
Anastomosis  of  artery  and  vein,  11 

of  facial  and  hypoglossal  nerves, 
99,  100 

.  .  and    spinal  accessory 

nerves,  99,  100 
by  Murphy's  button,  395 
end-to-end,  .391 


Anastomosis,  end-to-side,  396 

lateral,  391 

side-to-side,  391 

termino-lateral,  396 

ureteral,  509 

between  viscera,  391 
Aneurysm,  Antyllus'  operation  for, 
8 

extirpation  of  sac  of,  8 
intra-saccular  ligation  of,  9 
"old"  operation  for,  8 
radical  operations  for,  4 
Syme's  operation  for,  8,  9 
varicose,  operation  for,  10 
Aneurysmal  varix,  operation  for, 
10 

Ankle-joint,  artlirodesis  of,  158 
arthrotomy  of,  158 
excision  of,  158 
Annandale   on  amputation  above 
knee,  233 
on  cerebral  decompression,  289 
on  excision  of  knee-joint,  166 
on  operation  for  aneurysm,  9 
on  operation  for  naso-pharyngeal 

tumour,  322 
on  removal  of  appendix,  404 
on  removal  of  semilunar  carti- 
lages, 168 
operation    for    subluxation  of 
meniscus  of  temporo-max- 
illary  joint,  336 
Anonyma  artery,  ligation  of,  17 
Anschiitz  on  lengthening  of  bones, 
138 

Anterior  crural  nerve,  114 
tibial  artery,  ligation  of,  63 
in  lower  third,  64 
in  middle  third,  64 
in  upper  third,  63 
Antyllus'  operation  for  aneurysm, 
S 

Aorta,  abdominal,  compression  of, 
236 

ligation  of,  48 

Appendicitis.    Sec  Appendix 

Appendicostomy,  407 

Appendix,  abscess  following  ap- 
pendicitis, operation  for, 
406 

incisions  for  removal  of,  400 
operations  on,  400 
removal  of,   during   attack  of 
appendicitis,  405 
interval  operation,  400 
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Artcrv,  anoiiyma,  ligation  of,  17 
aorta,  abdominal,  ligation  of,  48 
axillary,  ligation  of,  35 

first  part,  36 

seconrl  part,  38 

third  part,  38 
brachial,  ligation  of,  93 

at  bend  of  elbow,  42 

at  middle  of  upper  arm,  41 
common  carotid,  ligation  of,  22 

at  seat  of  election,  24 

below  omo-liyoid,  26 
dorsalis  pedis,  ligation  of,  65 
iaeial,  ligation  of,  29 
femoral,  ligation  of,  56 

at  apex  of  Scarpa's  triangle, 
58 

at  base  of  Scarpa's  triangle, 
56 

in  Hunter's  canal,  59 
gluteal,  ligation  of,  53 

inferior,  ligation  of,  53 
superior,  ligation  of,  53 
hypogastric,  ligation  of,  52 
iliac,  common,  ligation  of,  50  . 
external,  ligation  of,  54 
internal,  ligation  of,  52 
innominate,  ligation  of,  17 
internal  mammary,  ligation  of, 
22 

lingual,  ligation  of,  31 
maxillary,  external,  ligation  of, 
29 

popliteal,  ligation  of,  60 
from  inner  aspect,  60 
from  posterior  aspect,  61 

posterior  circumflex,  ligation  of, 
39 

radial,  ligation  of,  43 

on  back  of  wrist,  45 

in  lower  third,  44 

in  middle  third,  44 

in  upper  third,  43 
sciatic,  ligation  nf,  53 
subclavian,  ligation  of,  19 
tibial,  anterior,  ligation  of,  63 

in  lower  third,  64 

in  middle  third,  64 

in  upper  third,  63 
posterior,  ligation  of,  67 

behind  internal  malleolus, 
70 

by  direct  route,  67 
by  iuilirect  route,  67 
in  lower  third,  69 


Artery,  tibial,  posterior,  in  upper 
part,  67,  68 
thyroid,  inferior,  ligation  of,  32 
ulnar,  ligation  of,  45 

above  origin  of  common  inter- 
osseous, 46 
in  lower  third,  47 
in  middle  of  forearm,  46 
vertebral,  ligation  of,  32 
Arteries,  end-to-end  suture  of,  1 
ligation     of.      Sec  individual 

arteries 
ligation  of,  in  continuity,  13 
suture  of,  1 
Arteriorrhaphy,  1 
circular,  1,  3 
lateral,  1,  3 
Arthrectomy,  148 
Arthrodesis,  150 
Arthrolysis,  149 
Arthroplasty,  149 
Arthrotoray,  148.    See  also  in'li- 

vidual  joints 
Artificial  respiration,  543 
Astragalectomy,  156 
Astragalus,  excision  of,  156,  161 
Auriculo-temporal  nerve,  96 
Avulsion  of  nerves,  87 
Axillary  artery,  ligation  of,  35 
first  part,  36 
second  part,  38 
third  part,  38 
nerve,  107 

Babcock's   operation   for  varicose 
vein.s,  75 

Balfour,    D.  C. ,    on    excision  of 
rectum,  477 

Ballance    on   operation   for  cere- 
bellar abscess,  284 
on  operation  for  mastoid  disease, 
299 

and  Edmunds'  stay  knot,  15 
Barker   on  operation  for  fracture 
of  patella,  127 
on  spinal  anresthesia,  546 
Bassini's  operation    for  inguinal 

hernia,  456 
Battle's    operation     for  femoral 

hernia,  460 
Beck  on  amputation  at  hip,  237 
Herger's  interscapulo-thoracic  am- 
putation, 259 
Bornhard  on  operation  for  hernia, 
456 
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Bier  on  local  aiiajsthesia,  545 
on  osteoplastic  amputation,  203, 
222 

on  sjiinal  antesthesia,  546 
Bile  ducts,  exposure  of,  484 

operations  on,  484 
Billroth    on  inter-ilio-abdominal 
amputation,  241 

on  resection  of  stomach,  422 
Binnie  on  abdominal  sutures,  388 
Bladder,  excision  of,  517 
partial,  516 
total,  517 

opening  of,  512 

operations  on,  512 

resection  of,  516 
Blood,  transfusion  of,  78 

vessels,  operations  on,  1 
Bones.    See  also  Osteotomy 

lengthening  of,  138 

operations  on,  118 

resection   of,  with  periosteum, 
140 

sub-periosteal,  138 
Bow-knee,  osteotomy  for,  131 
Bow-leg,  osteotomy  for,  135 
Brachial  artery,  ligation  of,  39 
at  bend  of  elbow,  42 
at  middle  of  upper  arm,  41 
birth  palsies,  operation  for,  107 
plexus,  exposure  of,  in  neck,  106 
Brain,  abscess  of,  operation  for, 
282 

bullet  wounds  of,  operation  for, 
281 

decompression  of,  281,  289,  291 
operations  on,  263 
ancesthesia  for,  265 
preparation  for,  264 
shock  in,  265 
in  two  stages,  266 
tumours,  operation  for,  264  • 
Brauer  on  cardiol_>  sis^  379 
Braun  on  entero-anastomosis,  419 
Breast,  cancer  of,  operation  for, 
364 

tumours,   malignant,  operation 
for,  364 
simple,  operation  for,  363 
Brophy's  operation  for  cleft  palate, 
316 

Buccal  nerve,  operations  on,  97 
Bullet  wounds  of  brain,  operation 
for,  281 
of  skull,  operation  for,  281 


Burckhardt  on  intravenous  general 

ansesthesia,  539 
Burgliard  on  osteotomy  of  femur, 

136 

Butlin  on  excision  of  malignant 
glands  in  neck,  346 
on  removal  of  glands  in  cancer 
of  penis,  531 

Caird,  F.  M.,  on  colostomy,  450 

on  excision  of  tongue,  338 
Calcaneus,  excision  of,  157 
Garden's  amputation,  231 
Cardiolysis,  379 

Carotid  artery,  connnon,  ligation 
of,  22 
at  seat  of  election,  24 
below  omo-hyoid,  26 
external,  ligation  of,  27 
internal,  ligation  of,  29 
Carrel  on  reversal   of  peripheral 
circulation,  11 
on  suture  of  arteries,  2,  3 
Castration,  521 

Cathcart,    C.    W.,   on  Chopart's 

amputation,  212 
Catterina  on  excision  of  shoulder, 

188 

C.E.  mixture,  538 

Cephalocele,  operation  for,  285 

Cerebello-pontine  tumours,  opera- 
tion for,  287 

Cerebellum,  abscess  of,  operation 
for,  284 
tumour  of,  operation  for,  287 

Cerebral    abscess,    operation  for, 
282 

decompression,  281,  289,  291 
localisation,  Chiene's  method  of, 
273 

Cervical   glands,   malignant,  ex- 
cision of,  346 
removal  of,  318 
tuberculous,  excision  of,  349 
nerves,  posterior  primary  divi- 
sions, resection  of,  105 
Chest,  operations  on,  309 
Cheyne,    Watson,  on  excision  of 

cervical  glands,  350 
Cliiene,  John,  on  amputation  above 
knee,  232 
on  amputation  of  fingers,  248 
on  cerebral  localisation,  273 
on  ligation  of  posterior  tibial 
artery,  68 
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Chiene,  John,  on  ligation  of  sub- 
clavian artevj',  19 
on  operation  lor  retro -pharyngeal 

abscess,  345 
on  osteotomy  for  knock-knee,  133 
on  stretching  great  sciatic  nerve, 
113 

Chloroform,  534 

poisoning,  delayed,  543 
Cholecystectomy,  4S8 
Choleeyst-euterostoniy,  493 
Cholecystotoiny,  486 
Choledochotomy,  490 

retro-duodenal,  491 

supra-duodenal,  490 

trans-duodenal,  493 
Chopart's  amputation,  211 
Circumcision,  523 

Circumflex  artery,  posterior,  liga- 
tion of,  39 
nerve,  107 
Clamp,  Crile's,  2 
Dorrance's,  2 
intestinal,  417 
crushing,  385,  398 
occluding,  385 
Roosevelt's,  391 
Clavicle,  fracture  of,  128 
Cleft  palate,  operations  for,  315 

two-stage  operation,  316 
Clover's  ether  inhaler,  536 
Club-foot,  wedge-resection  of  tarsns 
for,  155 

Collar  incision,  Kocher's,  for  goitre. 
352 

Collateral  cii'culation  after  ligation 
of  abdominal  aorta,  50 

anonyma  artery,  18 

axillary  artery,  35,  39 

biachial  artery,  43 

femoral  artery,  58,  60 

hypogastric  artery,  52 

iliac  artery,  common,  52 
external,  56 
internal,  53 

innominate  artery,  18 

popliteal  artery,  63 

subclavian  artery,  third  part,  22 
Colo-colostomy,  391 
Colon,  beyond  hepatic  flexure,  re- 
section of,  442 

descending,  resection  of,  442 

ileo-csBcal  segment  of,  resection 
of,  438 

iliac,  resection  of,  442 


Colon,  lymphatics  of,  437 
mobilisation  of,  437 
operations  on,  437 
pelvic,  operations  on,  465 

resection  of,  442,  448 
resection  of,  three-stage  opera- 
tion, 444 
splenic  Hexure  of,  resection  of, 
442 

Colopexy,  450 

Colostomy,  448 
preliminary,  466 

Colotomy.    See  Colostomy 

Common    bile    duct,  operations 
on,  490.     See  also  Chole- 
dochotomy 
iliac  artery,  ligation  of,  50 

Compression  of  abdominal  aorta, 
236 

Conical  stump,  196 

Cotterill,  J.  M.,  on  operation  for 

tumour  of  cerebellum,  287 
on    osteoplastic    operation  on 

skull,  270 
Cranial  nerves,  operations  on,  89 
Craniotomy,  263,  269 
Crico-tracheotomy,  360 
Crile  on  operations  on  brain,  266 
Crile's  clamp,  2 

Curschmann  on  drainage  of  peri- 
cardium, 377 
Cushiug,  Harvey,  on  operations  on 
brain,  265,  266,  273,  277, 
281,  289,  291,  293,  298 
Cushing's    operation    for  decom- 
pression of  brain,  289,  291 
for     removal     of  Gasserian 
ganglion,  293 
Cystectomy,  partial,  516 

total,  517 
Cystostomy,  perineal,  518 

supra-pubic,  514 
Cystotomy,  perineal,  lateral,  518 
median,  518 
supra-pubic,  512 
Ozerny  on  nephrotomy,  502 
Czerny-Lembei  t  suture,  389 

Davies-Colley  on  operation  for  cleft 

palate,  316 
Dean  on  nerve  transplantation,  84 
Decompression  of  brain,  operation 

for,  281,  289,  291 
Decortication  of  lung,  373 
Delayed  chloroform  poisoning,  543 
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Delbet's    operation    for  varicose 

veins,  75 
Delorme  on  decortication  of  lung, 

373 

Depage  on  operation  for  chronic 

empyema,  373 
Disarticulation,  193.    S&e  also  in- 
dividual disarticulations 
at  elbow-joint,  252 
at  hip-joint,  235 
at  knee-joint,  227 
at  shoulder -joint,  255 
at  wrist-joint,  249 
snbastragaloid,  213 
Dislocation, congenital,  of  liip-joint, 
operation  for,  176 
recurrent,  of  shoulder,  operation 
for,  188 

Dobson  on  lympathics  of  colon, 
437 

Dorrance's  clarap,  2 

suture  for  end-to-end  union  of 
artery,  4 
for  lateral  arteriorrhaphy,  2,  3 
Dorsalis  pedis  artery,  ligation  of, 
65 

Duncan,  John,  on  osteotomy  for 
knock-knee,  133 
operation  for  hare-lip,  312 
Duval  on  colopexy,  450 

Ectopia  testis,  operation  for,  523 
Eiselsberg  on  operations  on  hypo- 
physis cerebri,  297 
Elbow-joint,  ankylosis  of,  operation 
for,  185 
arthroplasty  of,  185 
arthrotomy  of,  182 
disarticulation  at,  252 
excision  of,  182 
Emphysema,  operation  for,  375 
Empyema,  acute,  operation  for,  371 
chronic,  operation  for,  372 
tube,  372 
Endo-aneurysmorrhaphy,  4 
oblitcrative,  5,  6 
reconstructive,  5,  6 
restorative,  5,  8 
Entcreotoniy,  434 
Entero-anastomosis,  391,  419,  434 
Enterostomy,  434 
Enterotomy,  433 
Enterotril)es,  385 
Epididyniectomy,  522 
Epididymis,  removal  of,  522 


Epilepsy,  traumatic,  operation  for, 
264,  277 

Epulis,  operation  for,  330 

Esmarch's  operation   for  fixation 
of  lower  jaw,  336 

Estlander's  operation  for  chronic 
empyema,  373 

Ether  anjesthesia,  536 
closed  method,  536 
open  method,  536 

Ethyl  chloride,  as  general  anaes- 
thetic, 538 
as  local  anaisthetic,  547 

Eucain  as  local  anaisthetic,  544 

Excision.     See    individual  bones 
and  joints 

Exophthalmic    goitre,  operation 
for,  354 

External  carotid  artery,  ligation 
of,  27 
cutaneous  nerve,  117 
iliac  artery,  ligation  of,  54 
extra-peritoneal  operation,  55 
trans-peritoneal  operation,  .54 

Face,  operations  on,  308 
Facial  artery,  ligation  of,  29 
nerve,  99 

stretching  of,  102 
spasm,  treatment  of,  102 
Facio-hypoglossal  anastomosis,  99, 
100 

Farabceuf  on  excision  of  os  calcis, 
157 

Farabceufs  amputation  of  fingers, 
249 
of  leg,  225 
Femoral  artery,  ligation  of,  56 

at  apex  of  Scarpa's  triangle, 
58 

at  base  of  Scarpa's  triangle,  50 
in  Hunter's  canal,  59 
hernia,  operations  for,  459,  461 
j      nerve,  114 
Femur,  neck  of,  fracture  of,  124 
osteotomy  of,  135 
shaft  of,  fracture  of,  125 

osteotomy  of,  136 
upper  end  of,  osteotomy  of,  135 
Filigree  in  operative  cure  of  hernia, 
458 

Fingers,  amputation  of,  245,  246, 
247,  249  ,  .  .  . 

operations  on  bones  and  joints 
of,  179 
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Flap  method  of  amputating,  198, 
200,  201 
scoring  of,  201 
Fojrster's  operation  for  resection  of 

posterior  nerve  roots,  305 
Foot,  amputation  of,  208 
Mikulicz'   osteoplastic  resection 
of,  161 

Forearm,  amputation  tbrougli,  251 

both  bones  of,  fracture  of,  130 
Fowler  on  decortication  of  lung, 
373 

Fracture.    Sec  individual  bones 
badly  united,  operations  for,  121 
compound,  operations  for,  121 
delayed  union,  operations  for, 
123 

simple,  operations  for,  118 
of  skull,  base  of,  operation  for, 
280 

compound,  operation  for,  279 
simple,  operation  for,  280 
of  spine,  operation  for,  304 
want  of  union,  operations  for, 
123 

Fraser,  J.  S. ,  on  removal  of  tonsils, 
324 

Frazier,  Chas.  H. ,  on  cerebral  de- 
compression, 289 

Freeman  on  operation  for  pulmon- 
ary phthisis,  375 

Freezing  with  ethyl  chloride,  547 

Freund's  operation  for  emphysema, 
375 

Freyer,    P.    J.,    on  supra-pubic 

prostatectomy,  515 
Friedrich  on  operation  for  pulmon- 
ary phthisis,  375 
Frontal  nerve,  operations  on,  90 

sinus,  operation  on,  300 
Furneaux-Jordan's  amputation  at 
hip,  239 
at  shoulder,  256,  258 

Gall-bladder,  exposure  of,  484 

operations  on,  484 
Ganglion,  Classerian,  removal  of, 
292 

Gant's  operation,  136 
Gardner's  ether  mask,  530 
Gasserian  ganglion,  removal  of,  292 
Gastrectomy,  421 
Gastro-anastomosis,  421 
Gastro-duodenostoniy,  421 
Gastro-enterostoniy,  414,  424 


Gastro-enterostoray,  anterior,  415, 
419 

posterioi",  415 

Y-method  of  Roux,  418 
Gastro-gastrostomy,  391 
Gastro-jejunostomy.     See  Gastro- 
enterostomy 
Gastroplasty,  421 
Gastrostomy,  412 
Gastrotomy,  411 

Gehuchten  on  avulsion  of  nerves, 
88 

Genital  organs,   male,  operations 
on,  521 

Genu  valgum.    See  Knock-knee 
Genu  varum,  operations  for,  134 
Gibson  on  invagination  of  bowel, 
399 

Gluteal  artery,  ligation  of,  53 
inferior,  ligation  of,  53 
superior,  ligation  of,  53 
Goitre,  angled  incision  for,  355 
exophthalmic,  operation  for,  354 
intra-tlioracic,  operation  for,  356 
malignant,    operation  for,  355, 
356 

median,  operation  for,  355 
operation  for,  352 

Goldraann    on    decortication  of 
lung,  374 

Great  occipital  nerve,  105 
sciatic  uerve,  112 

Gridiron  incisio)i  for  removal  of 
appendix,  400 

Gritti's  amputation,  203 

Gritti-Stokes  amputation,  229 

Gussenbauer  on  drainage  of  peri- 
cardium, 377 

Guthrie  on  reversal  of  peripheral 
circulation,  11 

Guy  on  general  anoesthesia,  539 

Hacker  on  gastro-enterostomy,  415 
Ilrematorrachis,  operation  for,  304 
Hiumorrhoids.    See  Piles 
Halftor  on  osteoplastic  amputation, 
224 

Hal  in  on  nephropexy,  501 
Hallux  valgus,  operation  for,  151 
Halsted's  mattress  suture,  389 
operation   for  inguinal  hernia, 
457 

on  hypophysis  cerebri, 
297 

Hainnier-toe,  operation  for,  151 
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Hand,  operations  on  bones  and 

joints  of,  179 
Handley,    Sampson,    on  lynipli- 

angioplasty,  79 
Harcourt's,     Venion,  regnlating 

inhaler,  535 
Hare-lip,  operations  for,  308 
double,  313 
single,  308 
Harris  on  nephropexy,  502 
Hartley-Kranse  operation   for  re- 
moval of  Gasserian  ganglion, 

293,  297 
Heart,  cardiolysis,  379 
massage  of,  543 
operations  on,  377 
Heath   on    ligation    of  brachial 

artery,  41 
Heinecke  on  gastro-duodenostomy, 

421 

Hepatic  duct,  stone  in,  operation 
for,  491 

Hernia,  femoral,  operative  cure  of 
459 

methods  of  dealing  with  canal, 
459 

methods  of  dealing  with  sac, 
459 

strangulated,    operation  for, 
461 

inguinal,   irreducible,  operation 

for,  457 
operative  cure  of,  452 
methods  of  dealing  with  canal, 

456 

methods  of  dealing  with  sac, 
454 

strangulated,    ojieration  for, 
458 

operations  for,  452 
umbilical,  operation  for,  461 
ventral,  operation  for,  463 

Hernio-laparotomy,  458 

Herniotomy,  452,  459 

Hewitt's  ether  inhaler,  536 

Hey's  amputation,  211 

Hip,  amputation  at,  235,  237, 
239 

Hip-joint,  ankylosis  of,  operation 
for,  178 

arthrotomy  of,  171 

congenital  dislocation  of,  opera- 
tion for,  176 

excision  of,  by  Kocher's  method,- 
172 


HofTa-Lorenz  operation  for  con- 
genital dislocation  of  hip, 
177 

Holmes,  Oliver  Wendell,  on  anes- 
thesia, 532 
Hood  on  ureteral  anastomosis,  510 
Horsley,  Victor,  on  operations  on 

brain,  265,  266,  289 
Horsley's  antiseptic  initty,  267 
Humerus,  lower  end,  fracture  of, 
129 

neck,  fracture  of,  with  disloca- 
tion of  shonlder,  129 

shaft,  fracture  of,  with  implica- 
tion of  musculo-spiral  nerve, 
129 

upper  end  of,  fracture  of,  128 
Hiiter's  arthrotomy  of  hip  joint, 
171 

Hydrocele,  operations  for,  526 
Hydrocephalus,  operation  for,  285 
Hypogastric  artery,  ligation  of,  52 
Hypoglossal  nerve,  99 
Hypophysis  cerebri,  operations  on, 
297 

Ileo-colostomy,  391 
Heum,  operation  for  disease  of,  179 
Iliac  artery,  common,  ligation  of, 
50 

external,  ligation  of,  54 

extra-peritoneal  operation,  55 
trans-peritoneal  operation,  54 
internal,  ligation  of,  52 
Incisions.    Sec  individual  opera- 
tions 

Inferior  alveolar  nerve,  resection 
of,  94,  96 
dental  nerve,  resection  of,  94, 
96 

gluteal  artery,  ligation  of,  53 
thyroid  artery,  ligation  of,_32 
Infusion  of  saline  solution,  77 
Inguinal  hernia,   operations  for, 

452,  457,  458 
Innominate  artery,  ligation  of,  17 
Insanity,  traumatic,  operation  for, 
279 

Intercostal  anastomosis,  18 
Inter-ilio-abdoniinal  amputation, 
241 

Internal  carotid  artery,  ligation  of, 
29 

iliac  artery,  ligation  of,  52 
mammary  artery,  ligation  of,  22 
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Interscapulo-tliovacic  ampiitation, 
259 

Intestinal  clamps,  385,  417 
Intestine,  large.    Sec  Colon 

operations  on,   431.     Sec  also 
Colon 

short-circuiting  of,  434 
small,  operations  on,  431 
resection  of,  434 
Intra-cranial  lifemorrliage  in  newly- 
born,  operation  for,  277 
suppuration,  operations  for,  282 
Intra-thoracic  goitre,  operation  for, 
356 

Intra-venous  general  anesthesia, 
539 

Jaoobson  on  excision  of  astragalus, 
157 

Jamieson  on  lymphatics  of  colon, 
437 

Jaw,  lower,  closure  of,  operations 

for,  335 
condyle  of,  resection  of,  335 
resection  of,  333 

with  tongue,  341 
subluxation  of  meniscus  of, 

336 

tuberculosis  of,  operation  for, 
329 

upper,  resection  of,  329 
tuberculosis  of,  operation  for, 
329 

Jaws,  alveolar  process  of,  tumour 
of,  operation  for,  330 
operations  on,  329 
Jejunostomy,  431 

Joints,  excision  of,  148.    Sec  also 
individual  joints 
"typical,"  148 

imgation  of,  151 

operations  on,  general  principles 
of,  145,  146 

resection  of,  148 

tapping  of,  151 

transplantation  of,  150 
Jones,  Robert,  on  osteotomy  for 
knock-knee,  132 

on  removal  of  semilunar  carti- 
lages, 168 

on  trans])lantation   of  tendons, 
144 

Jones',  Robert,  operation  for  anky- 
losis of  hip,  178 
osteotomy  .saw,  130 


Kadcr  on  gastrostomy,  412^ 
on  spinal  anajsthcsia,  547 
Keen  on  drainage  of  lateral  ventricle, 
286 

on  interscapulo-thoracic  amputa- 
tion, 262 

on  ligation  of  abdominal  aorta, 
50 

on  operation  for  tumour  of  liver, 
482 

Kidney,  excision  of,  504 
exposure  of,  499 

by  lumbar  route,  499 
by  transperitoneal  route,  505 
movable,  operation  for,  501 
operations  on,  499 
stone  in,  operation  for,  502 
Kikuzi  on  operation  lor  aneurysm,  9 
Killian's  operation  on  frontal  sinus, 
300 

Knee,   deformities  of,  osteotomy 

for,  131,  133 
Knee-joint,  arthrotomy  of,  163,  168 

excision  of,  163 
Knock-knee,  osteotomy   for,  131, 

133 

Kocher  on    amputation  through 

upper  arm,  255 
on  choledochotomy,  493 
on  disarticulation  at  elbow-joint, 

254 

on  excision  of  breast,  365 
of  hip-joint,  172 
of  larynx,  362 
of  parotid  gland,  342 
of  rectum  by  coccygeal  opera- 
tion, 468 
on  gastro-enterostomy,  415 
on  ligation  of  arteries,  13 
on  nephropexy,  501 
on  operation  for  goitre,  352 
on  operation  for  hernia,  455, 

456,  458 
on  operation  for  spasmodic  wry- 
neck, 344 
on  operation  for  traumatic  epi- 
lepsy, 279 
on  operations  on  gall-bladder, 
485 

on  operations  on  jaw.s,  332 

on  operations  on  joints,  146,  118, 

154,  155,  158 
on  operations  on  ])harynx  and 

tcsophagus,  320,  321,  327, 

328 
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Koclier  on  opcvatioii.s  on  tongue, 
337,  340,  341 
on  osteoplastic  amputation,  222, 
223 

on  osteotomy  of  femur,  136 
on  supra-condylar  amputation, 
230 

Koclier's  extra-cranial  division  of 
mandibular  nerve  at  base  of 
skull,  97 
incision  for  supra-jjubic  cysto- 
tomy, 512 
operation  for  division  of  maxil- 
lary nerve,  91 
resection  of  storaacli,  422,  429 
Konig  on   operations  on  joints, 
147,  148 

Kradel  on  operations  on  brain, 
266 

Kraske  on  excision  of  rectum,  468 
Krause  on  operations  on  brain, 

266,  272,  278,  284,  287,  293, 

297 

Kummel   on  intravenous  general 

antesthesia,  540 
Kiittner  on  resection  of  bone  for 

tumour,  141 

Laminectomy,  302 

for  fracture  of  spine,  304 

for  liajmatorrachis,  304 

for  resection  of  posterior  nerve 

roots,  305 
for  tuberculosis,  304 
for  tumours,  305 
Landerer  on  excision  of  os  calcis, 
158 

■Lane,  Arbuthuot,  on  operation  for 
cleft  palate,  316 
on  operation  for  fracture,  119, 
121 

Lane's  lever,  129 

Lange  on  transplantation  of  ten- 
dons, 144 

Laugenbeck  on  operations  on  joints, 
146 

Langenbeck's  operation   for  cleft 
palate,  315 
for  naso-pliaryngeal  tumour, 
323 

Lanz  on  abdominal  incision,  384 

on  orcliidopexy,  524 
Lanz'    incision    for    removal  of 

appendix,  402 
Large  iutebtincs.    See  Colon 


Laryngectomy,  complete,  361 

partial,  358 
Laryngotomy,  359 
Larynx,  excision  of,  361 
Lateral  cutaneous  nerve,  117 

ventricle,  drainage  of,  286 
puncture  of,  285 
Leg,  both  bones  of,  fracture  of,  128 
Lambert  suture,  388 
Lengthening  of  bones,  138 

of  tendons,  142 
Lenormant  on  colopexy,  450 
Lever,  Lane's,  129 

screw,  125,  129 
Lexer  on  transplantation  of  joints, 
150 

Ligation  of  arteries  in  continuity, 
13 

materials  used,  15 
Lingual  artery,  ligation  of,  31 

nerve,  resection  of,  94,  96 
Lip,  lower,  epithelioma  of,  oper- 
ation for,  317 
Lisfranc's  amputation,  209 

operation  for  excision  of  rectum, 
467 

Lister  on  amputation  above  knee, 
231 

Lithotomy,  lateral,  518 

median,  518 

perineal,  518 
Liver,  cirrhosis  of,  operation  for, 
482 

injuries  of,  operation  for,  480 

operations  on,  480 

by  abdominal  route,  480 
by  transpleural  route,  375, 
480 

tumour  of,  operation  for,  481 
Lorenz-Hoffa,   operation  for  con- 
genital dislocation  of  hip, 
177 

Lung,  abscess  of,  operation  for,  374 
cysts  of,  operation  for,  374 
decortication  of,  373 
gangrene  of,  operation  for,  374 
phthisis,  operation  for,  375  _ 
tumours  of,  ojieration  for,  374 
Ljmiphangioplasty,  79 
Lymph  glands,  removal  of,  318 

M'Burney  on  choledochotomy,  493 
M'Burney'shook,  129 

incision  for  removal  of  appendix, 
400 
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Jlauewen  on  abscess  of  brain,  283 
on  comiivession   of  abdominal 

aorta,  236 
on    operation    for  pulmonary 
plitliisis,  375 
JMacewen's  osteotome,  130 
osteotomy,  131 
suprameatal  triangle,  298 
Mackenzie's  amputation,  219 
Mamma.    Sec  Breast 
Mandibular  di\nsiou  of  trigeminal 
nerve,  operations  on,  94,  97 
Mandible.    Sec  Jaw,  lower 
Mastoid  disease,    operations  for, 
298 

Matas'  operation,  4 

Mattress  suture,  389 

Maxilla,  inferior.    See  Jaw,  lower 

superior.    See  Jaw,  upper 
Maxillary  artery,  external,  ligation 
of,  29 

inferior  division  of  trigeminal 

nerve.    See  MandiJjular 
division    of   trigeminal  nerve, 

operations  on,  90 
Maydl  on  implantation  of  ureters 

into  intestine,  511 
Mayo,  on  avulsion  of  nerves,  87 
on  excision  of  breast,  368 
on  gastro -enterostomy,  415,  418 
on  operation  for  goitre,  353 
on  operation,  for  hallux  valgiis, 

152 

on  nephropexy,  502 

on    operations    on  trigeminal 

nerve,  89 
on  resection  of  bladder,  516 
on  resection  of  colon,  438,  441, 

444 

on  vasorrhaphy,  524 
Mayo's    operation    for  umbilical 
hernia,  461 

operation  for  varicose  veins,  76 
Median  nerve,  107 
.Medullary  splint,  120 
Meniscotoniy,  168 
Mental  nerve,  96 

Metacarpal  bones,  operations  on, 
180 

Middle    meningeal  hajmorrhage, 

operation  for,  274 
Mikulicz!  on  excision  of  rectum, 

472 

on  gastro-duodcuostoniy,  421 
on  pyloroplasty,  420 


Mikulicz  on  resection  of  colon,  444 
osteoplastic  resection  of  foot,  161 
Miller,  A.  G.,  on  amputation  at 
shoulder,  258 
on  disarticulation  at  elbow,  252 
on  disarticulation  at  knee,  227 
Mirault's   operation   for  hare-lip, 
311 

Mitchell,  A.    B.,  on  excision  of 
piles,  478 
operation  for  varicose  veins,  74 

Momburg     on     compression  of 
abdominal  aorta,  236 

Morel   on  reversal   of  peripheral 
circulation,  11 

Morestin  on  operation  for  epitheli- 
oma of  lip,  318 

Morison,  Rutherford,  on  colostomy, 
449 

on  operation  for  cirrhosis  of  liver, 
482 

Morris,  Henry,  on  pyelotomy,  502 
Morton  on  ether  antesthesia,  532 
Moynihan  on  complete  resection  of 
stomach,  430 
on  excision  of  rectum,  475 
on  gastro-entero.stomy,  415,  418 
Murphy,  J.  B.,  on  arthrolysis,  150 

on  circular  arteriorrhaphy,  3 
Murphy's  button,  395 
Museulo-cutaneous  nerve.  111 
spiral  nerve,  109 

implicated    in     fracture  of 
humerus,  129 

Nasal  nerve,  operations  on,  90 
Naso-pharyngeal  tumour,  operation 
for,  322 

Neck,  glands,  malignant,  excision 
of,  346 

tuberculous,  excision,  of,  349 
operations  on,  344 
Nelaton's  operation  for  hare-Hp, 
308 

for  naso-pharyngeal  tumour,  322 
Nephrectomy,  504 

lumbar,  504 

transperitoneal,  505 
Nephro-lithotoniy,  502 
Nephropexy,  501 
Nephrostomy,  505,  517 
Nephrotomy,  502 
Nerve,  anastonuisis,  86 

anterior  crural,  114 

auriculo-temporal,  96 
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Nerve,  avulsion  of,  87 
axillary,  107 

brachial  plexus  in  neck,  106 
bridging,  83,  84 
buccal,  operations  on,  97 
circumflex,  107 
crossing,  87 

dental,  inferior,  resection  of,  94, 
96 

external  cutaneous,  117 

facio  -  hypoglossal  anastomosis, 

99,  100 
femoral,  114 

frontal,  operations  on,  90 
great  occipital,  105 
great  sciatic,  112 
implantation,  83,  85 
inferior  alveolar,  resection  of,  94, 
96_ 

ischiadicus,  112 
lateral  cutaneous,  117 
lingual,  resection  of,  94,  96 
mandibular  divisionof  trigeminal, 
94,  97 

maxillary  division  of  trigeminal, 
90 

median,  107 
mental,  96 

musculo-cutaneous.  111 

musculo-spiral,  109 

implicated    in     fracture  of 
humerus,  1'29 

nasal,  operations  on,  90 

ophthalmic  division  of  trigem- 
inal, 89 

peroneal,  common,  114 

popliteal,  external,  114 
internal,  114 

radial,  109 

spinal  accessory,  102,  105 
stretching,  113 
sub-occipital,  105 
sujira-orbital,  operations  on,  89 
supra-trochlear,   operations  on, 
90 

suture,  81 

primary,  81 

secondary,  82 
tibial,  114 

anterior,  114 

posterior,  114 
transplantation,  84 
trigeminal,  operations  on,  89 
tubular  suture  of,  84 
ulnar,  108 


Nerves,  cervical,  posterior  primary 

divisions  of,  105 
cranial,  operations  on,  89 
of  lower  extremity,  operations 

on,  112 

of  upper  extremity,  operations 
on,  107 

operations  on,  81 .    Sec  individual 
nerves 

spinal,  operations  on,  105 
Nervus  ischiadicus,  112 
Neurexei-esis,  87 

Nicoladoni  on  transplantation  of 

tendons,  144 
Nitrous  oxide  gas,  538 
Novocain  as  local  anaesthetic,  544 

Oberst's  regional  anaesthesia,  545 
Obliterative  endo-aneurysmor- 

rhaphy,  5,  6 
Esophagectomy,  327 
QJsophagotomy,  326 
CEsophagus,  diverticulum  of,  opera- 
tion for,  328 
operations  on,  326 
Ogston  on  osteotomy  for  knock - 

knee,  133 
Old  operation  for  aneurysm,  8 
Olecranon  process,  fracture  of,  130 
Oilier  on  operations  on  bones,  123 

on  operations  on  joints,  146 
Omnopon  anfesthesia,  539 
Openshaw  on  recurrent  dislocation 

of  shoulder,  188 
Orchidectomy,  521 
Orchidopexy,  523 
Os  calcis,  excision  of,  1 57 
Os  incisivum  in  hare-lij),  313 
Os  talus,  excision  of,  156 
Osteoplastic  amputation,  195,  198, 

203,  222 
Osteotome,  130 
Osteotomy,  130 
Adam's,  on  neck  of  femur,  135 
for  bow-knee,  131 
cuneiform,  131, 133 
of  femur,  135 
cuneiform,  138 
linear,  137 
shaft  of,  136 
trans-trochanteric,  136 
Gant's,  136 

for  knock-knee,  131,  133 
linear,  131 
Maccwen's,  131 
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Osteotomy  of  tibia   for  bow-leg, 
135 

Oxygen  in  anaesthesia,  534 

Palate,  cleft,  operations  for,  315 
Pancreas,  operations  on,  495 
Pancreatic  cyst,  operation  for,  496 
Parotid  gland,  operations  on,  341 
tumours,  operations  for,  341 
malignant,  342 
non-malignant,  341 
Patella,  fracture  of,  126,  127 

tuberculous  disease  of,  ojieration 
for,  171 
Paul  on  colostomy,  450 

on  resection  of  colon,  444 
Paul's  tube,  433,  449 
Pelvic  colon,  cancer  of,  operation 
for,  465 

Pelvis,  operations  on,  380.  See 

Abdominal  surgery 
Penis,  amputation  of,  complete,  529 
partial,  529 

operations  on,  528 
Pericardium,  operations  on,  377 
Perineal  cystotomy,  518 

lithotomy,  518 

prostatectomy,  518 
Peritoneum,  protection  of,  during 

operation,  384 
Peroneal  nerve,  common,  114 
Pharyngectomy,  medio-lateral,  321 
Pharyngotomy,  sub-hyoid,  320 
Pharynx,  operations  on,  320 
Phimosis,  operation  for,  528 
Phlebotomy,  77 

Phthisis,  pulmonary,  operation  for, 
375 

Piles,  clamp  and  cautery  operation, 
479 

excision  of,  Mitchell's  method, 
478 

Whitehead's  method,  478 
ligation  of,  477 
operations  for,  477 
Pirogotf's  amputation,  203,  215 
Pituitary  body,  operations  on,  297 
Piieumotomy,  374 
Poncet  on  supra-pubic  cystostomy, 
515 

Popliteal  artery,  ligatiou  of,  60 
from  inner  aspect,  60 
from  posterior  aspect,  61 
nerve,  external,  114 
internal,  114 
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Posterior  nerve  roots,  resection  of. 
305 

Pott's  puffy  tumour,  282 
Prepuce,  removal  of,  528 

S2)litting  of,  528 
Pringle,  Hogartli,  on  operation  for 

empyema,  372 
Prostatectomy,  perineal,  518 

suprapubic,  515 
Proust  on  perineal  prostatectomy, 
518 

Purse-string  suture,  390 
Pyelostomy,  505 
Pyelotomy,  502 
Pyloroplasty,  420 

Pylorus,  closure  of,  in  gastro-en- 
terostomy,  418 
resection  of,  424 

Quenu  on  excision  of  i-ectum,  473 

Radial  artery,  ligation  of,  43 
on  back  of  wrist,  45 
in  lower  third,  44 
in  middle  third,  44 
in  upper  third,  43 
nerve,  109 
Reconstructive  endo-aneurysmor- 

rhaphy,  5,  6 
Rectum,  blood  vessels  of,  465 
cancer  of,  operations  for,  465 
excision   of,  abdomino-perineal 
operation,  472 
coccygeal  operation,  468 
perineal  operation,  467 
lymphatics  of,  466 
operations  on,  465 
Rehn  on  spinal  anaesthesia,  546 
Restorative       endo  -  aneurysmor- 

rhaijhy,  5,  8 
Retro-pharyngeal  abscess,  operation 
for,  345 

Reversal  of  peripheral  circulation, 
11 

Ribs,  tuberculosis  of,  operation  for, 
369 

tumours  of,  operation  for,  370 
Ring-enucleator,  Mayo's,  76 
Robson,  Mayo,  on  jejunostomy,  431 

on  operations  on  gall-bladder, 
484,  485 

Roosevelt's  intestinal  clamp,  391 
Rose  on  amputation  at  hip,  237 
on  removal  of  Gasserian  ganglion, 
292 
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Rose's  operation  for  hare-lip,  310 
Koser  on  operations  on  pharynx, 
320 

Rotter  on  operation  for  fracture  of 

patella,  128 
Rouge's  operation,  322 
Roux's  gastro-enterostomy  by  Y- 

method,  418 
incision  for  removal  of  appendix, 

400 

metal  staples  in  operation  for 
femoral  hernia,  460 
Rydygier  on  splenopexy,  498 

Sacro-iliac  joint,  disease  of,  opera- 
tion for,  179 
Saline  solution,  infusion  of,  77 
Salivary  glands,  operations  on,  337 
Sapheno-femoral  anastomosis,  75 
Saphenous  vein,  external,  71 

internal,  71 
Scapula,  excision  of,  191 

resection  of,  191 
Scapular  anastomosis,  22 
Schede's    operation    for  chromic 

empyema,  373 
Schimmelbusch's  mask,  535 
Schlatter  on  complete  resection  of 

stomach,  430 
Schloflfer  on  operations  on  hypo- 
physis cerebri,  297 
Schwartze's  operation  on  mastoid, 
298 

Sciatic  artery,  ligation  of,  53 

nerve,  112 
Scopolomin  ancesthesia,  539 
Semilunar   cartilage,  arthrotomy 
for,  168 
ganglion,  removal  of,  292 
Seminal  vesicles,  excision  of,  523 
Senn's  operation  for  gastrostomy, 
412 

Slierren,  James,  on  operations  on 

nerves,  84 
Shock,  prevention  of  in  ansesthesia, 

534 

Short-circuiting  of  intestine,  434 
Shortening  of  tendons,  144 
Shoulder,    dislocation    of,  with 

fracture  of  neck  of  humerus, 

129 

joint,  arthotomy  of,  185 
disarticulation  at,  255 
dislocation  of,  recurrent,  oper- 
ation for,  188 


Shoulder-joint,  excision  of,  185 

Simpson,  James  Young,  on  chloro- 
form anaesthesia,  534 

Skey's  amputation,  210 

Skull,  bullet  wounds  of,  operation 
for,  281 

fracture,  of  base,  operation  for, 
280 

compound,  operation  for,  279 
simple,  operation  for,  280 
operations  on,  263 
trephining,  263,  267 
Wagner's  osteoplastic  operation 
on,  263,  269 
Smith,   Stephen,   on  amputation 

at  knee,  228 
Spence's  amputation  at  shoulder, 
256,  257 
skewer,  236 
Spina  bifida,  operations  for,  306 
Spinal  accessory  nerve,  102,  105 
cord,  hfemorrhage  into,  opera- 
tion for,  304 
operations  on,  302 
tumours  of,  operation  for,  305 
Spine,  fracture  of,  operation  for, 
304 

operations  on,  302 

tuberculosis  of,   operation  for, 

304 

tumours  of,  operation  for,  305 
Spleen,  enlargement  of,  operation 
for,  498 

excision  of,  498 

exposure  of,  497 

movable,  operation  for,  498 

operations  on,  497 

rupture  of,  operation  for,  497 

tumours  of,  operation  for,  498 
Splenectomy,  498 
Splenopexy,  498 

Sprengel  on  operation  for  disease 

of  ilium,  179 
Ssabanejeff  on  amputation  above 

knee,  231 
Stacke  -  Schwartze's  operation  for 

mastoid  disease,  299 
Stay  knot,  15 

Steinmanii's  apparatus  for  fraetun 

of  long  bones,  122 
Sternum,  tuberculosis  of,  operation 

for,  369 

Stiles,  H.  J.,  on  excision  of  anklo- 
joint,  161 
on  excision  of  knee-joint,  166 
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stiles,  H.  J.,  oil  sub-peviosteal  re- 
section ol'  bones,  139 
Stokes-Gritti  aniputation,  229 
Stomach,  arteries  concerned  in  re- 
section of,  422 
exploration  of,  410 
lymphatics  concerned  in  resection 

of,  423 
operations  on,  410 
resection  of,  421 
for  cancer,  429 
for  ulcer,  430 
Stovain  as  local  anaesthetic,  544 
Stump.    Sea  Amputation  stump 
Subastragaloid  disarticulation,  212 
Subclavian  artery,  ligation  of,  19 
Sub-hyoid  pharyngotomy,  320 
Sub-occipital  nerve,  105 
Sub-periosteal  resection  of  bones, 
138 

Superior  gluteal  artery,  ligation  of, 
53 

Suprameatal  triangle  of  Macewen, 
298 

Supra-orbital  nerve,  operations  on, 
89 

Supra-pubic  cystostomy,  514 

cystotomy,  512 

prostatectomy,  515 
Supra-trochlear  nerve,  operations 
on,  90 

Sutures,  in  abdominal  surgery,  388 
Syme,  James,   on   operations  on 

joints,  146 
Syme's  amputation,  213 

modified  circular  method  of  am- 
putating, 199 
operation  for  aneurysm,  8,  9 
for  epithelioma  of  lip^  317 
for  excision  of  tongue,  338 
urethrotomy,  519 

Tait,  Lawson,  on  cholecystotoiny, 
486 

Talipes.    See  Club-foot 

Talma  -  Morison     operation  for 

cirrhosis  of  liver,  482 
Tarsectomy,  anterior,  154 

total,  161 
Tarso-metatarsal  resection,  153 
Tarsus,  resection  of,  153 

wedge-resection  of,  155 
Tauber  on  amputation  at  ankle- 
joint,  219 
Toale's  auiiiutatioii,  221 


Teilung  on  operations  on  joints, 
147 

Teniporo-maxillary  joint,  subluxa- 
tion of  meniscus  of,  opera- 
tion for,  336 

Tendo  -  Achillis,  lengthening  of, 
143 

Tendons,  lengthening  of,  142 

operations  on,  142 

shortening  of,  144 

transplantation  of,  144 
Tenotomy,  142 

open,  142 

subcutaneous,  142 
Testis,  ectopia,  operation  for,  523 

removal  of,  521 
Thiersch  on  avulsion  of  nerves,  87, 
91 

Thomas,  Gaillard,  on  operation  for 

tumour  of  breast,  363 
Thomas,  Lynn,  on  operation  for 

fracture  of  patella,  128 
on  prostatectomy,  515 
Thomson,  St.  Clair,  on  removal  of 

tonsils,  324 
Thorax.    See  Chest 
Thumb,  amputation  of,  245,  249 
Thymus  gland,  removal  of,  350 
Thyroid,  inferior,  artery,  ligation 

of,  32 
Thyrotomy,  357 
Tibia,  osteotomy  of,  134 
Tibial  artery,  anterior,  ligation  of 

63 

in  lower  third,  64 

in  middle  third,  64 

in  upper  third,  63 
artery,  posterior,  ligation  of,  67 

behind  internal  malleolus,  70 

by  direct  route,  67 

by  indirect  route,  68 

in  lower  third,  69 

in  upper  part,  67,  68 
nerve,  114 

anterior,  114 

posterior,  114 
Toes,  amputation  of,  205 
Tongue,  cancer  of,  operation  for, 
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operations  on,  337 
Tonsils,  enucleation  of,  323 

guillotine  operation  for  removal 

of,  324 
removal  of,  323 
tumour  of,  operation  for,  324 
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of,  130 

Ulnar  artery,  ligation  of,  45 

above  origin  of  common  inter- 
osseous, 46 
in  lower  third,  47 
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are  excellent.  The  author's  conciseness  has  enabled  him  to  condense 
a  great  amount  of  information  into  the  space  at  his  disposal,  and 
this  without  spoiling  the  completeness  of  the  work;  moreover  when 
facts  are  wanting  matters  of  speculation  are  omitted." — St.  Bartholo- 
mew's Hospital  Journal. 
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Diseases  of  the  Nose  and  Throat 


By  E.  B.  Waggett,  M.B.   (Cantab).  Surgeoa 

for  the  Throat  and  Ear  Department  of  the  Charing  Cross  Hos- 
pital ;  Surgeon,  London  Throat  Hospital,  and  Throat  and  Ear 
Department  Great  Northern  Hospital,  pp.  282,  3  plates,  89 
figures.  Illustrated,  5/-  net 

JUST  PUBLISHED. 

Contents:  Anatomy  and  Physiology. — Examination. — Adenoids. 

 The  Adenoid  Face. — The  Vomerine  Crest. — Fracture  of  the  Nose 

and  Operations  on  the  Septum. — Cauterisation  and  Operations  for 
Nasal  Obstruction . — Chronic  Rhinitis. — Atrophic  Rhinitis. — Polpyi. 

 The  Antrum  of  Highmore. — Frontal  and  Ethmoidal  Suppuration. 

 Sphenoidal  and  Ethmoidal  Suppuration. — New  Growths  and 

Neuroses. 

This  is  in  no  sense  a  lengthy  text-book  on  this  "much-written" 
subject  ;  it  is  rather  intended  to  be  a  practical  introduction  to  the 
subject;  and  an  equally  practical  account  of  those  ordinary  diseases 
of  the  nose  that  the  practitioner  is  sure  to  meet  with  and  should  be 
as  sure  to  cure.  It  is  profusely  illustrated  and  intended  to  be  read 
as  its  author  suggests  "  currente  calamo." 


UNIFORM  WITH  THE  OXFORD  MEDICAL  MANUALS 

Auscultation  and  Percussion,  with  the  other 
methods  of  Physical  Examination  of  the  Chest 
By  Samuel  Jones  Gee,  M.D.,  F.R.C.P.  Honoraiy 

Physician  to  H.R.H.  the  Prince  of  Wales.    Consulting  Physi- 
cian to  St.  Bartholomew's  Hospital,  etc.  Sixth  Edition, pp. 
Prospectus  on  application.  5/-  net 

"It  will  remain  at  once  the  Standard  Authority  in  the  sphere  ir 
which  it  deals,  and  a  striking  illustration  of  the  methods  of  a  dis- 
tinguished Teacher  of  Clinical  Medicine."— 77?«  Lancet. 
"Too  well  known  to  require  an  elaborate  review."— 5nV«5A  Medica 
Journal. 


clinical  Lectures  and  Addresses  on  Surgery 


By  C.  B.  LOCKWOOD,  F.R.C.S.  Surgeon  to  St.  Bar- 
tholomew's Hospital ;  late  Hunterian  Professor,  Royal  College 
of  Surgeons,  England ;  late  Surgeon  to  the  Great  Northern 
Hospital,    pp.274.    4  coloured  plates.    Second  Edition. 

Illustrated,  5/-  net. 

Contents:  An  Introduction  to  the  Study  of  Clinical  Surgery.— Clinical  Reason- 
ing—The Course  of  Intra-abdominal  Inflammation.— On  the  Recognition  and 
Management  of  Intestinal  Obstruction.— The  Essentials  of  a  Diagnosis.— 
Secondary  Infection  of  the  Lymphatic  Glands  in  Malignant  Disease  of  the 
Tongue.— Carcinoma  of  the  Breast,  and  its  spread  into  the  Lymphatics. — 
Varicose  Veins— SvveUing  above,  below,  and  within  the  Neck  of  the  Scrotum. 
—Swellings  above  and  below  the  Neck  of  the  Scrotum,  particularly  Inguinal 
Varicocele  and  Hydrocele.— Exploratory  Laparotomy,  especially  in  cases  of 
Malignant  Disease. — Faecal  Leaks  and  Fistulae. — The  Immediate  Microscopi- 
cal Diagnosis  of  Tumours  during  the  course  of  Operations. — Salivary 
Calculi. — Clinical  Pathology  in  its  Relation  to  Diagnosis  and  Treatment. 

"Whatever  Mr.  Lockwood  writes  every  thinking  surgeon  is 
compelled  to  read." — British  Medical  Journal. 

**  It  is  a  work  which  every  student  should  read  before  beginning  his 
practice  in  the  wards  and  we  feel  that  the  same  student  will  in  the 
after  years  of  his  own  professional  work  read  the  book  again  with 
an  even  deeper  appreciation  of  its  real  helpfulness." — The  Medical 
Chronicle. 

A  Manual  of  Venereal  Diseases 

By  Officers  of  the  Royal  Army  Medical  Corps 

Introduction  by  Sir  Alfred  Keogh,  K.C.B.,  Director-General  of  the 
Army  Medical  Service.  History,  Statistics,  Invaliding,  Effectin  Cam- 
paigns, etc.,  Lieut.-Colonel  C.  H.  Melville,  R.A.M.C.,  Secretary  to 
the  Advisory  Board.  Clinical  Pathology  and  Bacteriology,  Lieut.- 
Colonel  Leishman,  R.A.M.C.  Clinical  Course  and  Treatment, 
Major  C.  E.  Pollock,  R.A.M.C.  pp.  282.  i  plate.  Stables.  Just 
Published. 

Illustrated,  5/-  net. 

"The  amount  of  information  the  book  contains  is  very  great,  and 
the  authors  have  adequately  fulfilled  their  intention.  The  patho- 
logy, diagnosis,  and  treatment  of  Syphilis  are  fully  considered. 
There  is  an  excellent  chapter  dealing  with  the  history  of  the  disease 
and  the  methods  of  preventing  it.  The  book  will  be  found  useful 
to  the  student  and  practitioner." — St.  Bartholomew's  Hospital Journal 
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Medical  Lectures  and  Clinical  Aphorisms 


By  Samuel  Jones  Gee,  M.D.,  F.R.C.P.  Honorary 

Physician  to  H.R.H.  the  Prince  of  Wales;  Consulting 
Physician  to  St.  Bartholomew's  Hospital,  etc.  Second 
Edition,  pp.  327.    Third  Edition  in  active  preparation. 

5/-  net 

COiNTENTS  :  The  History  of  a  case  of  Cerebral  Haemorrhage.— The 
Meaning  of  the  words  Coma  and  Apoplexy.— Large  Heads  in 
Children.— Aphasia.— The  Meaning  of  the  word  Delirium.— Ner- 
vous Atrophy  (atrophia  vel  anorexia  nei-vosa). — Spinal  Myalgia.— 
The  Causes  and  Forms  of  Bronchitis.— The  Nature  of  Pulmonary 
Emphysema.— The  Nature  of  Asihma.— Enlarged  Spleen  in  Chil- 
dren.—Tubercular  Peritonitis.— The  Signs  of  Acute  Peritoneal 
Diseases. — Sects  in  Medicine. — Clinical  Aphorisms. 

"  Dr.  Gee's  book  is  altogether  admirable.  Nihil  tetigit  quod  non 
omavit.  Even  in  dealing  with  subjects  apparently  hackneyed,  the 
author  contrives  to  throw  new  and  interesting  light  upon  them; 
while  the  aphorisms  embody  the  result  of  clinical  obser\'ation  as 
acute  as  it  is  extensive,  and  the  clear  and  pithy  sentences  vividly 
impress  upon  the  reader  the  conclusions  formed  by  a  great  Master  of 
Medicine.  We  cordially  recommend  this  book  to  be  'read,  marked, 
learned,  and  inwardly  digested'  by  all  practitioners  and  students. 
It  is  small  and  easily  carried,  and  the  money  it  costs  should  be 
many  times  repaid  by  the  valuable  hints  which  it  contains."— Prae- 
titiomr. 

"  As  well  worth  reading  through  as  it  was  five  years  ago."— Brifish 
Medical  Journal. 

"We  have  rarely  read  a  Professional  work  with  so  much  pleasure 
—beautiful  but  all  too  hM"—The  Hospital. 

"  We  believe  that  many  of  them  will  live  to  be  quoted  hereafter  by 
reason  of  their  truth  and  racy  terseness— when  most  of  the  set 
lectures  of  the  present  day  shall  have  sunk  into  oblivion.  - 
Brifish  Medical  Journal. 
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A  System  of  Medicine 

By  Eminent  Authorities  in  Great  Britain,  the  United 

States  and  the  Continent,  edited  by  WiLLIAM  OsLER, 
M  D  F  R  S  Regius  Professor  of  Medicine  in  the  University 
of  Oxford;  and  ThOMAS  McCraE,  M.D.,  F.R.C.P 
(Lond.).  Associate  Professor  of  Medicine,  Johns  Hopkins 
University,  Baltimore.  In  Seven  Octavo  volumes  of  about 
ooo  pages  each  illustrated.  Price  to  subscribers  for  the  seven 
volumes  24/-  net  each  volume  ;  to  non-subscribers  single  vol- 
umes 30/-  net.   A  Special  Prospectus  will  be  sent  on  application. 

Medicine  has  become  cosmopolitan.  Modern  means  of 
communication  have  made  the  whole  world  a  single  country 
in  the  diffusion  of  knowledge,  investigations  and  discoveries 
being  disseminated  among  advanced  thinkers  without  regard 
to  the  former  obstacles  of  time,  distance  and  difference  of  lan- 
guage. It  is  greatly  for  the  benefit  of  the  profession  at  large 
that  the  body  of  knowledge  possessed  by  the  leaders  in  the 
world  of  medicine  should  now  be  made  available  for  all,  as 
it  will  be  in  the  pages  of  Professor  Osier's  "System  of 
Medicine."  The  whole  field  of  Medical  practice  in  all  parts 
of  the  world  will  be  covered. 

Professor  Osier's  "  System  of  Medicine  "  is  undoubtedly  one 
of  the  most  important  works  ever  undertaken  in  the  literature 
of  Medicine.  With  well  recognised  quahfications  the  Editors 
unite  a  wide  literary  knowledge  and  an  acquaintance  with  the 
thinkers  and  writers  of  the  present  day.  They  have  thus 
been  able  to  collect  an  exceptional  group  of  contributors  who 
have  dealt  with  the  subject  assigned  to  them  in  a  manner 
specially  suited  to  the  needs  of  the  practitioner. 

Of  the  seven  volumes  constituting  the  work,  the  first  two 

volumes  are  already  published,  the  third  volume  will  be  issued 

immediately  and  the  others  at  intervals  of  about  three  months. 
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Rotunda  Practical  Midwifery,  1907 

By  Ernest  Hastings  Tweedy,  M.D.,  F.R.C.P.I. 

Master  of  the  Rotunda  Hospital,  Dublin.    President,  Section 

of  Obstetrics  British  Medical  Association,  1907.     And  G. 

T.  Wrench,  M.D.   Assistant  Master.    162  illustrations. 

Prospectus  on  application.  16/-  net, 

Contents:  Signs,  Symptoms,  and  Diagnosis  of  Pregnancy.— The  Minor 
Ailments  of  Pregnancy.— The  Obstetrical  Kit.— The  Conduction  of  Normal 
Labour.— The  Care  of  the  Normal  Puerperal  Woman.— Abnormal  Preg- 
nancy: Abnormalities  of  Pregnancy  due  to  some  Separation  of  the  Ovum 
from  its  Implantation  and  Conditions  resembling  them  clinically  ;  Abnormal- 
ities due  to  the  Toxaemia  of  Pregnancy ;  The  Remaining  Abnormalities  of 
Pregnancy. — Abnormal  Labour  :  Presentations  and  Mechanisms ;  Abnor- 
malities connected  with  the  Child  or  the  Presentation  of  the  Child; 
Abnormalities  connected  with  the  Uterus  ;  Abnormalities  connected  with  the 
Pelvis;  Abnormalities  of  the  Third  Stage;  Obstetrical  Operations.— The 
Abnormal  Puerperium  :  General  Principles  of  Puerperal  Infection  ;  Kinds  of 
Puerperal  Infection  ;  The  Insanities  of  the  Reproductive  Period  — The  Baby  : 
Asphyxia  Neonatorum  —The  Healthy  Baby.— The  Unhealthy  Baby. 

This  is  a  practical  book  on  midwifery,  embodying  the  teaching  of 
the  Rotunda  School  and  based  largely  on  the  teaching  of  previous 
masters,  while  the  authors  have  tested  the  value  of  the  present 
treatment  adopted  by  their  own  more  recent  experience.  It  contains 
no  pathology  or  mechanics  of  obstetrics  except  where  either  is 
essential  for  understanding  the  proposed  treatment.  The  conduct 
of  normal  labour  is  dealt  with,  the  closest  attention  given  to  every 
practical  detail,  however  small,  and  all  possible  complications  are 
treated  in  the  same  way.  The  authors  devote  the  closest  attention 
to  the  management  of  the  puerperal  state  and  the  earliest  disorders 
of  the  infant,  also  to  the  causes  and  immediate  treatment  of  fever 
occurring  in  the  puerperium  in  every  detail. 


Rotunda  Midwifery  for  Nurses  and  Midwives 

By  G.  T.  Wrench,  M.D.,  late  Assistant  Master  of  the 
Rotunda  Hospital;  with  a  Preface  by  the  Master  of  the  Rotunda. 

6/-  net 

This  is  an  entirely  practical  account  of  that  part  of  Midwifery 
which  is  essential  for  a  Nurse  in  the  practice  of  her  profession 
The  book  is  designed  to  embody  the  teaching  of  the  Rotunda  and 
in  every  respect  to  give  the  Nurse  all  that  is  required  by  the  Cen- 
tral Midwives  Board.  The  work  is  illustrated  by  over  100 
illustrations,  all  of  which  are  original. 
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Operations  of  General  Practice 

By  Edred  M.  Corner,  M.C.  (Cantab.),  F.R.C.S. 

Assistant  Surgeon  to  St.  Thomas's  Hospital;  Senior  Assistant 
Surgeon,  Hospital  for  Sick  Children,  Great  Ormond  Street,  etc. ; 
and  HENRY  IRVING  PINCHES,  M.A.,  M.B.  pp.  296. 
170  illus.     Specimen  prospectus  sent  post  free  on  application. 

15/-  net. 

"By  carefully  following  out  the  directions  and  studying  the 
illustrations  here  given,  the  veriest  novice  ought  to  be  enabled  to 
acquit  himself  honourably." — Medical  Chronicle. 
"The  book  will  be  of  great  use  to  many  qualified  men,  both  junior 
and  senior,  and  the  senior  student  may  well  be  advised  to  read 
it." — St.  Bartholomew's  Hospital  Journal. 

"  Certain  of  a  hearty  welcome  from  every  earnest  practitioner." — 
Hospital. 

"  There  has  been  a  want  of  a  suitable  work  giving  clear  instructions 
for  the  operations  which  a  general  practitioner  would  be  inclined 
to  undertake.  This  want  appears  to  us  to  be  very  well  supplied 
by  this  book.  It  is  large  without  being  too  big ;  it  is  clearly 
written,  and  gives  just  that  amount  of  assistance  which  is  likely  to 
be  needed." — Lancet. 


Prostatic  Enlargement 

By  CuTHBERT  S.  Wallace,  M.B.,  F.R.C.S.  Assis- 
tant Surgeon  to  St.  Thomas's  Hospital,  etc.  pp.  215.  80  illus- 
trations and  I  coloured  plate.  12/6  net. 

Contents:  Surgical  Anatomy. — Experimental  Pathology.- — Morbid 
Anatomy.  —  Morbid  Histology.—  Bacteriology. — Etiology. —  Diag- 
nosis. —  Treatment.  —  Operative  Treatment.  —  Prostatectomy.  — 
Nature  of  the  Enucleation  Operation. — Carcinoma  of  the  Prostate. 
— Index. 

This  is  a  full  account  of  this  affection  and  its  various  consequences. 
The  author  first  deals  fully  with  our  present  knowledge  of  the 
anatomy,  physiology,  and  pathology  of  the  prostate,  the  work  being 
copiously  illustrated  throughout  by  original  drawings  from  specimens 
and  pliotographs,  also  photomicrogi-aphs.  He  then  treats  of  the 
anatomical  characteristics  of  enlargement  and  its  results  direct  and 
indirect.  The  various  means  of  treatment  are  then  discussed,  the 
more  recent  operative  treatment  is  fully  described,  its  results 
summarised,  and  the  after  treatment  carefully  dealt  with.  The 
work  is  a  complete  and  exhaustive  monograph. 
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Functional  Nervous  Disorders  in  Childhood 
By  Leonard  G.  Guthrie,  M.A.,  M.D.,  F.R.C.P. 

Senior  Physician  to  Paddington  Green  Children's  Hospital; 
Physician  to  the  Hospital  for  Paralysis  and  Epilepsy,  Maida 
Vale,  etc.    Special  prospectus  on  application.  7/6  net. 

>'  We  have  read  no  book  upon  this  subject  which  can  compare  with 
Dr.  Guthrie's  work  for  charm  of  literary  style,  and  comprehen- 
siveness of  survey.    This  book  is  so  fascinating  that  one  must 
needs  choose  some  time  of  leisure  for  its  perusal,  for,  when  once 
opened,  it  is  not  easily  laid  aside.    It  is  full  of  quotation  and 
anecdote  from  writers  of  all  ages,  from  Tertullian  to  Calverley, 
and  from  the  Book  of  Samuel  to  the  '  Fairchild  Family.     It  is  to  be 
hoped  that  it  will  be  read  by  many  (we  might  say  multitudes,  and 
there  would  still  be  many  left)  of  the  faddists  of  to-day,  who  have 
so  much  to  say  on  the  proper  methods  of  educating  and  up-bnnging 
children.    It  deals  with  many  important  questions  of  education,  the 
place  of  corporal  punishment  in  the  training  of  the  young,  the 
hours  of  study,  effect  of  fear  in  preventing  progress  at  school,  and 
many  other  matters  of  great  practical  importance  to  those  concerned 
in  teaching.    Infant  murderers  figure  here,  and  there  is  full  descrip- 
tion of  infant  prodigies  of  learning,  and  the  youthful  devotee  of  my 
lady  nicotine  might  be  saved  from  his  awful  career,  if  he  could  but  read 
the  gentle  suasion  of  common  sense,  which  appears  everywhere 
mingled  with  the  kindly  humour  of  Dr.  Guthrie's  work,  and  in  particu- 
lar in  the  section  on  the  evils  of  tobacco.    On  this  matter,  as  on  the 
use  of  alcohol.  Dr.  Guthrie  protests,  as  he  does  in  many  other  matters, 
against  the  exaggerated  and  misleading  statements,  which  are  too 
often  made,  and  made,  as  he  points  out,  with  considerab  e  detrimen 
to  the  young  and  impressionable  minds  which  receive  them,  but 
it  must  not  be  imagined  that  the  work  is  merely  a  literary  recreation 
it  is  a  scientific  work  of  high  value,  and  useful  descriptions  of 
treatment  will  be  found  here  as  well  as  discussions  on  ^oin  s  ot 
pathology  and  aetiology.    We  think  Dr.  Guthrie's  work  is  likely 
fo lake  ¥s  place  as  a  sra'i.dard  work  on  the  subject,  and  to  be^^^^^^^^^^^^ 
the  most  popular  of  the  Oxford  Medical  Publications.  -P>  acMwner. 

"The  main  object  of  the  author  has  been  to  help  in  the  early 
recognition  'of  the  neurotic  or  emotional  temperament  in  ch  dren 
with  a  view  to  prevent  the  neurotic  child  becoming  the  neurasthenic 
adult-a  not  unworthy  object  for  a  book  in  the  present  day.  - 
St.  Bartholomew's  Hospital  Journal. 
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Cancer  of  the  Womb,  its  Symptoms, 
Diagnosis,  Prognosis,  and  Treatment 

By  Frederick  J.  McCann,  M.D.  (Edin.),  F.R.C.S. 

(Eng.),  M.R.C.P.  (Lond.).  Physician  to  the  Samaritan  Hospital 
for  Women,  London.  Lecturer  on  Gynaecology,  Medical 
Graduates'  College  and  Polyclinic,  London.  Special  prospectus 
on  application.  Fully  Illustrated  20/-  net. 

Contents;  Anatomical  Introduction. — Etiology. — Cancer  of  the 
Neck  and  Body  of  the  Womb. — Speading  of  Uterine  Cancer.— 
Diagnosis. — Microscopical  Appearances  and  Diagnosis. — The  Sur- 
gical Treatment  of  Uterine  Cancer.— The  Value  of  Vaginal  Total 
Extirpation  of  the  Cancerous  Uterus  and  the  Extended  Abdominal 
Operation. — The  Treatment  of  Inoperable  Uterine  Cancer. — 
Sarcoma  Uteri. — Deciduoma  Malignum. — Cases. — The  After-treat- 
ment of  Operations  for  Cancer  of  the  Womb. 

"The  Author  emphasizes  the  great  responsibility  practitioners  incur 
in  allowing  any  opportunity  to  pass  of  diagnosing  cases  in  the 
early  stage,  as  it  is  to  the  general  practitioner  that  we  must  look 
for  promptness  in  getting  suitable  cases  surgically  treated.  The 
work  is  illustrated  throughout  by  original  photographic  plates,  most 
of  them  showing  the  naked-eye  and  microscopic  appearances  very 
clearly.  The  book  is  one  of  very  great  merit,  it  will  be  read  with 
interest  both  by  the  specialist  and  general  practitioner  as  an  author- 
itative exposition  of  the  important  subject  with  which  it  deals." — 
Edinburgh  Medical  Journal. 

"Will  be  read  with  interest  as  a  well  prepared  summary  of  the 
author's  investigations.^ — British  Medical  Journal. 
"Within  a  surprisingly  small  compass,  the  author  has  given  an 
account  of  the  various  malignant  growths  of  the  uterus,  which  lacks 
nothing  in  clearness  of  description  or  emphasis  on  the  points  of 
most  clinical  or  pathological  importance.  The  Plates  are  excellent. 
A  book  we  can  thoroughly  recommend." — St.BarCs  Hospital  Journal. 
This  book  gives  a  concise  account  of  the  symptoms,  diagnosis  and 
treatment  of  cancer  of  the  womb,  and  is  illustrated  by  a  large  series 
of  plates  representing  the  actual  specimens  removed  by  the  author. 
Each  type  of  cancer  as  it  occurs  in  the  womb  is  illustrated  by  a  short 
description  of  the  case,  and  a  plate  representing  the  disease  which 
has  been  removed.  As  the  book  is  intended  for  the  use  of  general 
practitioners,  a  full  description  is  given  of  the  differential  diagnosis, 
and  a  full  account  has  been  added  of  the  after-treatment  of  vaginal 
and  abdominal  operations  for  uterine  cancer. 
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A  System  of  Syphilis 

By  Various  Authors.  Edited  by  D' Arcy  Power, 
M.D.  (Oxon.),  F.R.C.S.,  and  J.  Keogh  Murphy, 
M.C.  (Cantab.),  F.R.C.S. 

This  work  is  designed  to  be  an  exhaustive  treatise  on  the  subject  of 
this  disease  and  its  various  manifestations  both  ordinary  and  rare. 
Each  volume  is  fully  illustrated  with  original  illustrations  and  is  com- 
plete in  itself.  Price  £2  2s.  per  vol.  net,  or  to  subscribers  £10  10s. 
net  the  set  complete  in  six  volumes.    Vol.  I  ready  Spring  1908. 

VOLUME  I. — Introduction :  Jonathan  Hutchinson,  F.R.S.— 
History:  Ivan  Bloch,  M.D. — Bacteriology:  Professor  Elias 
Metchnikoff. — General  Pathology  :  F.  W.  Andrewes,  M.D. 
(Oxon.),  F.R.C.P.— Early  Manifestations— Male :  Colonel  F. 
J.  Lambkin,  R.A.M.C.— Early  Manifestations— Female :  A. 
Shillitoe,  F.R.C.S.— Congenital  Syphilis:  G.  F.  Still,  M.D., 
F.R.C.P.  With  over  30  Colour  Illustrations  from  direct  colour 
photographs  and  many  others. 

VOLUME  II.— Surgery  of  Syphilis:  D'Arcy  Power,  M.D.  (Oxon.), 
F.R.C.S.—  Syphilis  in  connection  with  Obstetrics  and  Gynaec- 
ology :  W.  J.  Gow,  M.D.,  F.R.C.P. 

VOLUME  III.— Visceral  Syphilis:  Professor  William  Osler, 
F.R.S.— Syphilis  in  connection  with  Life  Insurance:  E.  M. 
Brockbank,  M.D.,  F.R.C.P.— Mental  Affections  of  Syphilis  : 
Charles  A.  Mercier,  M.D.  (Oxon.),  F.R.C.P.— Medico  Legal 
Aspects  of  Syphilis :  Stanley  B.  Atkinson,  M.B.  (Cantab.), 

VOLUME  IV.— Syphilis  of  the  Nervous  System :  F.  W.  Mott, 
F.R.S. 

VOLUME  v.— Diseases  of  the  Skin:  Phineas  Abraham,  M.D., 
F  R  C  S.I. — The  Eye :  Devereux  Marshall,  F.R.C.S.— The 
Nose  and  Throat :  St.  Clair  Thomson,  M.D.,  F.R.C.P.— The 
Ear  :  Hunter  Tod,  M.D.  (Cantab.),  F.R.C.S. 

VOLUME  VI.— The  Public  Services— The  Navy  :  Fleet-Surgeon, 
E.  P.  MouRiLYAN,  and  others.— The  Army:  Introduction  by  the 
Director-General  of  the  Army  Medical  Service.  Sir  Alfred 
Keogh,  K.C.B.  Colonel  Melville,  R.A.M.C.  Colonel 
Lambkin,  R.A.M.C.    Colonel  Leishman,  R.A.M.C. 
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A  System  of  Operative  Surgery 

Edited  by  F.   F.   Burghard,  M.S.,  F.R.C.S. 

This  System  will  be  fully  representative  of  the  present  state 
of  opinion  as  to  Operative  Surgery  in  the  United  Kingdom. 

The  work  will  be  in  four  volumes.  The  first  volume  will  be  pub- 
lished in  the  spring  of  1908.  The  Entire  System  will  be  pubHshed 
before  the  end  of  1908. 

■LIST  OF  CONTRIBUTORS 

VOLUME  I. — The  Principles  and  Technique  of  Wound  Treatment: 
C.  B.  LocKwooD. — Local  Analgesic  Methods  :  Capt.  J.  W.  H. 
Houghton,  R.A.M.C. — Amputations,  Excisions,  Ligature  of 
Arteries,  Operations  upon  the  Peripheral  Nerves,  Veins, 
Tendons,  Muscles,  Ligaments  and  Fasciae.  Operations  upon 
the  Long  Bones  (excluding  Tuberculosis) :  F.  F.  Burghard. 

This  volume  is  arranged  so  that  it  can  be  used  separately  by 
students  preparing  for  the  higher  surgical  examinations. 

VOLUME  XL — Operations  upon  the  Thyroid :  James  Berry. — 
Hare  Lip  and  Cleft  Palate :  Edmund  Owen. — Operations  upon 
the  Tongue,  Tonsils,  and  Pharynx:  H.  T.  Butlin — Operations 
for  Tuberculosis  of  Glands,  Bones  and  Joints  :  H.  J.  Stiles. — 
Operations  upon  the  Stomach  and  Spleen  :  B.  G.  A.  Moynihan. 
— Operations  upon  the  Intestines  :  G.  H.  Makins. — Hernia  : 
A.  E.  Barker. —  Operations  upon  the  Rectum  :  Swinford 
Edwards — Operations  on  the  Bile  Passages  and  the  Pancreas: 
Mayo  Robson. 

VOLUME  IIL — Operations  upon  the  Spinal  Cord :  William 
Thorburn. — Thoracic  Surgery:  R.  J.  Godlee. — Operations 
upon  the  Kidney  and  Ureter:  David  Newman. — Operations  for 
Vesical  Calculus  and  upon  the  Prostate:  P.  J.  Freyer. — 
Operations  upon  the  Bladder  and  the  Urethra :  Thomson 
Walker. — Operations  on  the  Male  Genital  Organs  :  F.  F. 
Burghard. 

VOLUME  IV. — Vaginal  Gynaecological  Surgery  :  Dr.  John 
Phillips. — Abdominal  Gynaecological  Surgery:  J.  Bland- 
Sutton.-  —Ophthalmic  Surgery :  M.S.  Mayou. — Aural  Surgery : 
Hunter  Tod.  Laryngeal  Surgeiy :  Douglas  Harmer. 
Nasal  Surgery  :  St.  Clair  Thomson 
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A  System  of  Dietetics 

A  single  volume  under  the  Editorship  of  Dr.  G.  A.  Sutherland, 
M.D.,  F.R.C.P.  This  book  is  designed  to  be  a  complete  account  of 
dietetics  viewed  both  from  the  scientific  and  practical  standpoint. 
Prospectus  on  application. 


CONTENTS 

Introduction.— General  Principles:  Sir  Lauder  Brunton,  F.R.S. 

The  Diet  of  prehistoric  times  and  the  evolution  of  the  present-day 

Diet :  Harry  Campbell,  M.S.,  F.R.C.P. 
The  Physiology  of  Digestion,  Absorption  and  Nutrition,  The 

Results  of  Experimental  Diets  in  man  and  animals:  E.  I. 

Spriggs,  M.S.,  F.R.C.R 
Special  Diets,  Diet  Cures,  Patent  and  Proprietary  Foods:  E. 

Cautley,  M.D.,  F.R.C.P. 
Rectal  Alimentation  :  F.  D.  Boyd,  M.D.,  F.R.C.P.E. 
The  Role  of  Alcohol  in  Health  and  in  Disease:  Harry  Campbell, 

M.D.,  F.R.C.P. 

Diet  in  General  Diseases :  ^  ^  .  i 

Fevers:  Claude  Buchanan  Ker,  M.D.,  F.R.C.P.— Tubercul- 
osis: Noel  Bardswell  and  J.  E.  Chapman.— Gout,  Rheu- 
matism and  Rheumatoid  Arthritis  :  A.  P.  Luff,  M.D.,  F.R.C.P. 
—Diabetes:  W.  T.  Williamson,  M.D.,  F.R.C.P.— Obesity : 

E.  Cautley,  M.D.,  F.R.C.P. 

Diet  in  Diseases  of  Special  Organs :  r^   //^  n 

The  Stomach  and  Bowels:  H.  P.  Hawkins,  M.D.  (Oxon), 
F  R  CP.— The  Liver  and  Pancreas:  Wm.  Hale  White,  M.U., 

F.  R.C.P.— The  Lungs:  G.  A.  Sutherland,  M.S.,  F.R.C.P  — 
The  Heart  and  Blood  Vessels  :  W.  J.  Hadley,  M  D.,  F.R.C.t'. 
-The  Kidneys:  J.  Rose  Bradford,  F.R.S.-The  Nervous 
System:  James  Taylor,  M.S.,  F.R.C.P— The  Integumentary 
System:  T.  Colcott  Fox,  M.B.,  F.R.C.R-The  Blood  and 
Blood-forming  Organs  :  John  M.  Cowan,  M.D. 

Diet  in  Infancy  and  Childhood,  Diet  in  Diseases  of  Children :  G. 

A.  Sutherland,  M.D.,  F.R.C.P. 
Diet  in  the  Diseases  of  Hot  Climates:  Sir  Patrick  Manson,  F.R.S. 
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Fevers  in  the  Tropics 

Their  Clinical  and  Microscopical  Difterentiation,  including  the  Mil- 
roy  Lectures  on  Kala-Azau. 

By  Leonard  Rogers,  I.M.S.,  F.R.C.S.,  F.R.C.P. 

Professor  of  Pathology,  University  of  Calcutta.    Royal  4to. 

Prospectus  on  application.  £1  10s.  net. 

It  is  many  years  since  a  Physician  of  large  experience  has  attempt- 
ed to  describe  all  the  fevers  met  with  in  the  Tropics,  and  yet  there 
is  no  branch  of  Medicine  in  which  the  advance  of  our  knowledge 
has  been  so  rapid  in  the  past  few  years. 

The  author's  experience  and  work  in  the  tropics  of  India  are  well 
known  and  this  work  may  be  said  to  embody  the  patient  research 
of  many  years.  The  clinical  account  of  tropical  fevers  has  been 
considered  by  the  author  to  be  of  great  importance  and  to  this  he 
has  devoted  himself,  being  led  to  believe  as  a  result  of  bis  work 
that  nearly  all  fevers  can  be  easily  differentiated  by  a  careful  clini- 
cal study:  the  importance  of  this  view  can  be  well  understood:  at 
the  same  time  he  has  not  neglected  the  routine  examination  of  the 
blood;  to  this  a  section  has  been  devoted,  and  a  full  account 
of  all  clinical  methods  is  given. 

At  the  suggestion  of  Professor  Osier  the  author  has  included  an 
account  of  the  present  state  of  our  knowledge  with  regard  to  Yellow 
Fever  and  Sleeping  Sickness. 

The  work  may  justly  be  said  to  be  a  full  and  complete  account  of  our 
present  knowledge  with  regard  to  the  fevers  of  the  Tropics.  It  is 
fully  illustrated  by  coloured  plates,  drawings,  and  over  i  oo  Charts. 


Life  Insurance  and  General  Practice 

By  E.  M.  BroCKBANK,  M.D.,  F.R.C.P.  Assistant 
Physician,  Manchester  Royal  Infirmary.  8vo.  Prospectus  on 
application.    Now  ready.  7/6  net. 

An  account  of  Life  Insurance  from  the  Practitioner's  point  of  view 
whether  employed  as  examiner  or  consulted  by  a  patient  as  to  the 
prospects  of  acceptance  or  not.  The  question  of  increased  risks 
for  various  causes  is  fully  dealt  with.  The  whole  will  be  found  to 
be  practical  and  complete. 
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Diets  in  Tuberculosis 


Principles  and  Economics. 

By  Noel  D.  BaRDSWELL,  M.D.,  Medical  Superinten- 
dent   King    Edward    VIFs    Sanatorium,    Midhurst ;  and 

J.  E.  Chapman,  M.R.C.S.  10/- net 

A  full  account  of  the  practical  value  and  cost  of  diets  in  general,  and 
in  every  detail  of  the  various  diets  which  may  with  advantage  be 
used  in  the  treatment  of  Tuberculosis. 


Diseases  of  the  Spinal  Cord 

By  R.  T.  Williamson,  M.D.,  F.R.C.R  Assistant 

Physician,  Manchester  Royal  Infirmary,  etc.  Prospectus  on 
application.  £1  10s.  net. 

An  exhaustive  Treatise  on  Diseases  of  this  part  of  the  Central 
Nervous  System ;  the  author  gives  the  pathology  so  far  as  it  is 
known  up  to  the  present  date;  he  discusses  the  symptoms  and  treat- 
ment with  equal  care.  The  book  is  fully  illustrated  by  over  loo 
illustrations  and  diagrams. 


The  Law  in  General  Practice,  or 
Clinical  Jurisprudence 

By  Stanley  Atkinson,  M.B.,  B.L.    Sec.  of  the 

Medico-legal  Society. 
A  book  for  Practitioners— the  legal  aspects  of  daily  Practice. 

In  Preparatiok. 


Glandular  Enlargements  and  other  Diseases 
of  the  Lymphatic  System  f 

By  Arthur  Edmunds,  M.S.,  F.R.C.S. 

In  Preparatioh. 
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The  Pathology  of  the  Eye 

By  J.  Herbert  Parsons,  B.S.,   B.Sc.  (Lond.), 

F.R.C.S.  (Eng.),  Curator  and  Pathologist,  Royal  London 
(Moorfields)  Ophthalmic  Hospital;  Lecturer  on  Physiological 
Optics,  University  College,  London.  In  Four  volumes,  with 
over  700  illustrations.  Royal  8vo,  cloth.  Vol.  IV  in  active 
preparation.     Separate  prospectus  on  application. 

15/-  net  each  volume. 

"  Few  can  ever  be  in  the  position  to  have  such  abundance  of 
pathological  material  for  so  learned  and  scientific  a  book.  We 
heartily  congratulate  Mr.  Parsons  on  having  put  before  the  pro- 
fession the  fruits  of  his  experience  in  a  manner  so  accessible;  and 
we  look  forward  with  pleasure  to  seeing  the  remaining  parts  of  the 
work,  which,  if  they  come  up  to  the  high  standard  of  the  first,  will 
long  be  read  as  the  text-book  on  ocular  pathology." — British 
Medical  Journal. 

Trachoma 

By  Dr.  J.  BoldT.  Translated  by  J.  Herbert  Parsons, 
D.Sc,  F.R.C.S.;  and  Thos.  Snowball,  M.B.,  CM.,  Burnley. 
With  an  Introductory  Chapter  by  E.  Treacher  Collins, 
F.R.C.S.  Royal  8vo,  7/6  net. 

The  Treatment  of  Diseases  of  the  Eye 

By  Dr.  Victor  HaNKE.  Translated  by  J.  Herbert 
Parsons,  B.S.,  D.Sc.  (Lond.),  F.R.C.S.  (Eng.);  and  George 
Coats,  M.D.,  F.R.C.S.  (Eng.)         Crown  8vo,  cloth,  3/6  net. 

Ophthalmological  Anatomy,  with  some 

Illustrative  Cases 

By  J.  Herbert  Fisher,  M.B.,B.S.(Lond.),F.R.C.S. 

Royal  Svo.    Illustrated,  7/6  net. 

The  Arris  and  Gale  Lectures  on  the 

Neurology  of  Vision 

By  J.  Herbert  Parsons,  B.S.,  D.Sc.  (Lond.), 

F.R.C.S.   (Eng.)      2  coloured  plates  and  22  illustrations. 

Demy  Svo,  paper,  2/6  net. 


A  Laboratory  Handbook  of  Bacteriology 

By  Dr.  Rudolf  Abel.  Medical  Privy  Councillor, 
Berlin.  Translated  by  Dr.  M.  H.  Gordon,  M.A.,  M.D. 
(Oxon.),  B.Sc.     loth  Edition.  5/-  net 

This  book,  which  has  already  reached  the  tenth  edition,  is  the 
standard  Laboratory  book  throughout  Germany,  it  gives  a  complete 
account  of  every  important  technical  detail  which  is  in  practice  in 
the  Bacteriological  Laboratory  of  to-day. 

The  translator  has  added  those  methods  whichhisownlarge experi- 
ence has  proved  of  value  in  the  examination  of  the  air.  A  special 
article  has  been  written  by  Dr.  Houston  of  the  Metropolitan  Water 
Board  on  the  examination  of  water  for  sewage  contamination.  An 
article  has  been  written  by  Dr.  Horder  on  the  examination  of  organs, 
etc.,  and  the  work  is  brought  up-to-date  by  an  account  of  present 
methods  with  regard  to  opsonins. 

The  success  of  the  book  has  been  justified  by  the  great  pains  the 
author  has  taken  and  the  attention  he  has  given  to  every  practical 
detail  as  well  as  in  keeping  up  with  the  progress— the  very  rapid 
progress — of  science. 

In  order  to  iTiake  the  book  up-to-date  with  regard  to  the  work  done 
in  this  country  important  additions  have  been  made. 

The  reader  will  note  that  the  author  considers  that  these  additions 
"  add  enormously  to  the  present  value  of  the  book." 

Criminal  Responsibility 

By  Charles  A.  Mercier,  M.D.,  F.R.C.P.,  F.R.C.S. 

Now  Ready,  8vo,  cloth,  7/6  net. 
Contents  :  Responsibility.— Voluntary  Action.— Wrongdoing.— 
Insanity.— Mind.— Mind  (continued).— Conditions  of  Responsibility. 

—The  Answers  of  the  Judges. 

"A  book  concerning  which  there  cannot  be  two  opinions.  It  is  a 
remarkably  able  book,  characterised  throughout  by  extreme  lucidity 
of  thought  and  utterance,  pithy  terseness  of  phrase,  and  m  keeping 
with  its  appeal  to  '  the  common  sense  of  the  common  man  oi  this 
time  and  country,'  it  is  expressed,  even  in  the  most  sustained 
arguments  of  a  difficult  subject,  in  plain  trenchant  English,  with  an 
almost  entire  avoidance  of  ambiguous  or  technical  terms,  .  .  We 
must  thank  Dr.  Mercier  for  having  clarified  many  issues  in  his 
notable  book,  a  book  which  will  be  of  the  gi-eatest  assistance  to 
medical  and  legal  men  who  are  interested  m  this  question.  — 
British  Medical  Journal. 
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A  Handbook  of  the  Surgery  of  Children 

By  Professor  E.  KeRMISSON,  Paris.  Translated  by 
J.  Keogh  Murphy,  M.C.  (Cantab.),  F.R.C.S. 

In  Preparation. 


Sprains  and  AHied  Injuries  of  Joints 

By  W.  A.  WhiTELOCKE,  F.R.C.S.  Surgeon 
Radcliffe  Infimary,  Oxford. 

In  Preparation. 


Sterility 

By  F.  J.  McCann,  M.D.,  M.R.C.P.,  F.R.C.S. 

A  large  Gynaecological  Monograph. 

In  Preparation. 


Clinical  Methods  of  Examining  the  Heart 
By  John  Hay,  M.D.,  M.R.C.P. 

A  short  handbook  detailing  the  most  modern  methods  of  clinical 
examination  as  well  as  their  significance. 

In  Preparation. 


Diseases  of  the  Blood 

By  R.  J.  M.  Buchanan,  M.D.,  M.R.C.P. 

Short,  practical,  and  amply  illustrated. 

In  Preparation. 


Diseases  of  the  Lungs 

By  R.  J.  M.  Buchanan,  M.D.,  M.R.C.P. 

In  Preparation. 
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Gun-Shot  Wounds 

By  Major  Spencer,  F.R.C.S.,  R.A.M.C. 

One  of  the  series  of  Works  by  Officers  of  the  Royal  Army 
Medical  Service.  In  Preparation. 

Diseases  of  the  Eye 

By  Stephen  Mayou,  F.R.C.S. 

A  short  and  practical  Manual.  In  Preparation. 

The  Heart 

By  James  Mackenzie,  M.D. 

A  large  and  important  Monograph  embodying  the  author's  work. 

In  Preparation. 


Common  Disorders  and  Diseases  in  Childhood 
By  G.  F.  Still,  M.D.,  F.R.C.P. 

J  In  Preparation. 

Dental  Materia  Medica,  Therapeutics  and 
Prescription  Writing 

By  Eli  H.  Long,  M.D.    Now  Ready.    Cloth,  15/-  net. 

-'This  is  an  American  book,  written  by  the  P^'^^^^ 
Materiaand  Therapeutics  in  the  Dental  Departmen  of  the  U^^^^^^^ 
of  BuflFalo.    It  is  well  printed  on  298  pages  ;  it  is  ^""/t^^  f 
seven  engravings  and  eighteen  coloured  diagrams,  and  it  has  a 
colons  index      The  coloured  illustrations  are  really  excellen^ 
and  we  do  nS  remember  to  have  seen  anything  like  them  in  aiy 
previous  Materia  Medica.  These  are  to  illustrate  the  action  of  drugs 
Sn  the  various  systems."-rA.  General  PractUioner. 

LONDON: 

HENRY  FROWDE,  HODDER  &  STOUGHTON, 

OXFORD  UNIVERSITY  PRESS  WARWICK  SQUARE.  L.C. 
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